a2 United States Patent

Sunamura et al.

US009293455B2

US 9,293,455 B2
Mar. 22, 2016

(10) Patent No.:
(45) Date of Patent:

(54)

(71)

(72)

(73)

")

@
(22)
(65)

(30)

(1)

(52)

(58)

Sep. 5, 2012

SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREOF

Applicant: Renesas Electronics Corporation,
Kawasaki-shi, Kanagawa (IP)

Inventors: Hiroshi Sunamura, Kanagawa (JP);
Kishou Kaneko, Kanagawa (JP);

Yoshihiro Hayashi, Kanagawa (IP)

Assignee: Renesas Electronics Corporation,

Tokyo (JP)

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 43 days.

Notice:
Appl. No.: 13/972,962
Filed: Aug. 22,2013

Prior Publication Data

US 2014/0061810 A1 Mar. 6,2014
Foreign Application Priority Data
(P) e 2012-195291

Int. Cl1.
HOIL 27/088
HOIL 29/66

(2006.01)
(2006.01)

(Continued)

U.S. CL
CPC ... HOIL 27/088 (2013.01); HOIL 21/8221
(2013.01); HOI1L 23/522 (2013.01); HOIL
23/53295 (2013.01); HOIL 27/0688 (2013.01);
HOIL 27/1225 (2013.01);

(Continued)

Field of Classification Search
USPC e 257/337
See application file for complete search history.

187

290
188 286 235 239 / (222

(56) References Cited
U.S. PATENT DOCUMENTS

4,272,880 A *
4,500,905 A *

6/1981 Pashley ........cocoovivinn 438/153
2/1985 Shibata ..o 257/74

(Continued)

FOREIGN PATENT DOCUMENTS

JP 2009 094494 A
JP 2009-283819 A 12/2009
JP 2010-141230 A 6/2010

OTHER PUBLICATIONS

4/2009

Kaneko, K. et.al., “Operation of Functional Circuit Flements using
BEOL-Transistor with InGaZnO Channel for On-chip High/Low
Voltage Bridging I/Os and High-Current Switches”, 2012 Sympo-
sium on VLSI Technology Digest of Technical Papers, pp. 123-124
(2012).

(Continued)

Primary Examiner — Earl Taylor

(74) Attorney, Agent, or Firm — Shapiro,
Rosenberger, PLLC

57 ABSTRACT
Provided is an in-wiring-layer active element (component)
which allows for electrical isolation between a gate electrode
and a channel in a top gate structure. A semiconductor device
includes a first wiring layer, a second wiring layer, and a
semiconductor element. The first wiring layer has a first inter-
layer insulating layer, and a first wire embedded in the first
interlayer insulating layer. The second wiring layer has a
second interlayer insulating layer, and second wires embed-
ded in the second interlayer insulating layer. The semicon-
ductor element is provided at least in the second wiring layer.
The semiconductor element includes a semiconductor layer
provided in the second wiring layer, a gate insulating film
provided in contact with the semiconductor layer, a gate
electrode provided on the opposite side of the semiconductor
layer via the first gate insulating film, and a first side wall film
provided over a side surface of the semiconductor layer.

25 Claims, 32 Drawing Sheets

Gabor and

221 285

Vi

N loss

N7\

\— }1 70

1/1/1111/1/@

220

N

\VA\ e

130

142 it/
027

S 1;1

Z.
"N

101




US 9,293,455 B2
Page 2

(1)

(52)

(56)

Int. Cl1.
HOIL 21/822
HOIL 23/522
HOIL 23/532
HOIL 27/06
HOIL 27/12
U.S. CL

(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)

CPC .. HOIL 29/66477 (2013.01); HOIL 2924/0002

(2013.01); HOIL 2924/00011 (2013.01)

References Cited

U.S. PATENT DOCUMENTS

4,933,298
4,939,568
5,028,976
5,041,884
5,128,732
5,422,302
5,652,453
5,670,812
5,976,953
6,030,873
6,037,635
6,172,381
6,259,118
6,424,020 B1 *
6,600,173 B2 *
6,611,023 B1*
6,635,552 B1*
6,638,834 B2 *
6,821,826 Bl *
6,887,753 B2 *
6,927,431 B2*
7,312,487 B2 *
7,670,885 B2 *
7,692,194 B2 *
7,696,063 B2 *
7,915,163 B2 *
7,915,164 B2 *
7,939,831 B2*
7,947,981 B2 *
7,982,250 B2 *
8,044,464 B2 *
8,153,506 B2*
8,198,165 B2 *
8,378,341 B2*

* % % X X X X % % % X

b g S S

gz
* %

6/1990
7/1990
7/1991
8/1991
7/1992
6/1995
7/1997
9/1997
11/1999
2/2000
3/2000
1/2001
7/2001
7/2002
7/2003
8/2003
10/2003
10/2003
11/2004
5/2005
8/2005
12/2007
3/2010
4/2010
4/2010
3/2011
3/2011
5/2011
5/2011
7/2011
10/2011
4/2012
6/2012
2/2013

Hasegawa .........ccccoe... 438/150
Kato etal. ... ... 257/686
Ozaki etal. ..... ... 257/369
Kumamoto et al. ... 257/347
Sugahara etal. .. ... 257/353
Yonehara etal. ............. 438/153
Iwamatsu et al. ............. 257/347
Adleretal. ... ... 257/347
Zavracky et al. ... 438/455
Iwamatsu et al. ... 438/295
Yamazaki ... . 257/353
Gardner et al. . .. 257/67
Kadosh et al. .. 257/67
Vuetal. .. 257/507
Tiwari ... .. 257/74
Enetal. .. 257/350
Gonzalez . ... 438/455
Gonzalez . ... 438/455
Chan et al. ... 438/150
Gonzalez . ... 438/253
Gonzalez . ... 257/288
Alamet al. .. ... 257/278
Mitsuhashi ..... 438/149
Yamazaki et al. .. 257/59
Tsuchiya ........ 438/455
Konevecki et al. .. 438/672
Konevecki et al. 438/672
Anzai etal. ......cocevvnnne. 257/72
Yamazaki et al. .............. 257/59
Yamazaki et al. . 257/278
Yamazaki et al. ... 257/351
Anzai et al. .. ... 438/455
Ohnuma ...... ... 438/300
Hayashietal. ................ 257/43

8,378,403 B2* 2/2013 Kato .....cccoviiiinin 257/296
8,389,417 B2* 3/2013 Yamazaki et al. ... 438/722
8,470,648 B2* 6/2013 Yamazakietal. .. .. 438/149
8,476,626 B2* 7/2013 Yamazaki et al. 257/43
8,530,973 B2* 9/2013 Hanaokaetal. ... 257/366
8,559,220 B2* 10/2013 Yamazaki etal. .. .. 365/184
8,581,309 B2* 11/2013 Yamazaki et al. .. 257/255
8,587,066 B2* 112013 Zhuetal. ...... .. 257347
8,630,130 B2* 12014 Kurokawa ..... . 365/189.05
8,680,520 B2* 3/2014 Yamazakietal. ... 257/43

8,809,850 B2* 82014 Yamazaki ... .. 257/43

8,809,853 B2* 82014 Saitoetal. .. .. 257/43

8,896,042 B2* 11/2014 Yamazaki et al. .. 257/296

8,896,046 B2* 112014 Kato ............ .. 257/298

8,896,049 B2* 11/2014 Isobe et al. .. 257/316
2003/0059999 Al* 3/2003 Gonzalez ......... ... 438/200
2006/0071074 Al* 4/2006 Koneveckietal. ... 235/454
2006/0186441 Al* 82006 Takayamaetal. ... 257257
2008/0128808 Al* 6/2008 Yamazakietal. .. .. 257347
2008/0179597 Al* 7/2008 Yamazaki etal. .. 257/59
2009/0050941 Al*  2/2009 Yamazaki etal. .. ... 257/255
2009/0078970 Al*  3/2009 Yamazaki etal. .. ... 257/255
2009/0079000 Al*  3/2009 Yamazaki et al. .. 257/351
2009/0142888 Al* 6/2009 Tsuchiya ........ ... 438/151
2009/0203177 Al* 82009 Mitsuhashi ...... ... 438/166
2009/0242891 Al* 10/2009 Mitsuhashietal. ... 257/66
2010/0148171 Al* 6/2010 Hayashietal. ............ 257/43
2010/0187524 Al* 7/2010 Isobeetal. ... .. 257/43
2011/0027968 Al* 2/2011 Yamazaki et al. 438/458
2011/0140099 Al* 6/2011 Yamazaki ...........c...... 257/43
2012/0001243 Al* 12012 Kato ... .. 257/296
2012/0032236 Al* 2/2012 Yamazaki et al. .. 257/255
2012/0268849 Al* 10/2012 Tomatsu .......... .. 361/56
2012/0292614 Al* 11/2012 Matsubayashi .. .. 257/43
2012/0293202 Al* 11/2012 Nishijima etal. ........... 326/41
2012/0298987 Al* 112012 Sakata .................. 257/43
2014/0061810 Al* 3/2014 Sunamuraetal. ... 257/368

OTHER PUBLICATIONS

Kaneko, K. et.al., “A Novel BEOL-Transistor (BETr) with InGaZnO
Embedded in Cu—Interconnects for On-chip High Voltage I/Os in
Standard CMOS LSIs”, 2011 Symposium on VLSI Technology
Digest of Technical Papers, pp. 120-121 (2011).

Kaneko, K. et.al., “Highly Reliable BEOL-Transistor with Oxygen-
controlled InGaZnO and Gate/Drain Offset Design for High/Low
Voltage Bridging I/O Operations”, 2011 IEEE International Electron
Devices Meeting (IEDM), pp. 155-158 (2011).

* cited by examiner



U.S. Patent Mar. 22, 2016 Sheet 1 of 32 US 9,293,455 B2

FIG. 1A

285
~286

>170
— 220

7150




U.S. Patent Mar. 22, 2016 Sheet 2 of 32 US 9,293,455 B2

FIG. 1B
187 284 290
9222
189\183\ ;83 C /22/1 285
aY _\v%,&%
1721 N ) Y A0
171~ / E_N 220

(N - N ! ™
TITAM girererrryssessedl

164> LA ) 0 N
152 N \\ \
NN

T—101




U.S. Patent Mar. 22, 2016 Sheet 3 of 32 US 9,293,455 B2
FIG. 2
289
7 7z
1.:\\\:}%\\/290
h_\__i
—222(221)
188 — — 285
N
NS S
T N \\\\ ~/>% 28
A SN WM A
N N
NN \I\\\J N
'\\‘“3\ N \\\\\\ NN D220
NS \‘\X_\j“_'<‘<\«226
7
164"\,—f/ ‘
g
FIG. 3A
171’\4// //////////////////
164 N \
162~ N\
152«\ N \

191—2

A4

VA A A AYEYAEYAY




U.S. Patent Mar. 22, 2016 Sheet 4 of 32 US 9,293,455 B2

FIG. 3B

220~—
VIV 7/ 772777777777/ /777777

AN IONNNN

151 S S L L

i\

//

M
N\

FIG. 3C

220~
//////////////////////

S NN

VA A AYAD YAy

164>
162

192~
191—

///

ve

M
N

FIG. 3D

296
220 I

//////////////////////

SN

191 == VAV A EYADAAwd




U.S. Patent Mar. 22, 2016 Sheet 5 of 32 US 9,293,455 B2

FIG. 3E

220

226~
/////////////////////

SN

VAV AW A EYEEw4

171

164
162—
162~
191

¥

v

/

/|
/(

'\
N

FIG. 3F

222 2%0

226
0 <@\\\<\\\\\\ \\\\\\\\

171 \\\\\\\\\\\\\
\/// /////////////////

R

151—=22 7 7 7 7 7 7 7 7

|

FIG. 3G
222,
N
171 g

NN

151 —=2"27 7 7 7 7 7 7 7 7 7




U.S. Patent

Mar. 22, 2016 Sheet 6 of 32 US 9,293,455 B2

FIG. 3H

172~

171

YA

\/////////////////////

164 e 1
162’*&
152«\ N \
151 —=2=2 7l L L S S L L
FIG. 3/
401 226 4f< 221 4%4 222 493 220
7
/ /’/ a 6 ,/
172~ z /
171 / Ll
r—/ ’///////////////
164”‘"\\\/,,
162*&
152«\ N \
1291 —=Z7 VAV A A A A4




U.S. Patent

Mar. 22, 2016

FIG.

189 188 286 285
\ (221

N\

Sheet 7 of 32

3J

290 289
<

222
T

US 9,293,455 B2

285 286
P

\//3

NZS

!/

JINNY
\ \\\( /

v

e

’///////////////

INNNAN

[l L S L S S S S

—286

>170
— 220

150




U.S. Patent Mar. 22, 2016 Sheet 8 of 32 US 9,293,455 B2

FIG. 5A
187 284 290 224
188 289 222
0, \ s 2\ 2]
I\ NNCN AN N B
/ WAy \)\W/F\/ | 286
1721 NP Ek\ﬁ z919§\47/7fﬂ70
NN ZZ N I
171~ NN &~ X220
77 7NNV P ZZ 7P EZZIZZZZ S J

.

164f~~\\ji/,// N\ \\“ \\

162*—~;::§§;:¢\<?§ \\\\\\ \\\\ i\\\\\\ >
R AN NE

152 \ \s\/ \

151—=Z Z ///A’///,II’)
226 225 200 226
FIG. 5B
187 284 290

——
o

188 289 222
o N0 BN |y ans
\ NN AN\ b h
N N2\ \,/ 286
NN

N A
/1170

SN

\ r‘%s NS :

O\
i,
\

172
! /\ VA ASENMAN N ooy /\{
171-L . ‘ A - 220
K(/ng‘ S R S A
8N N\
162~—~::§§Lw 7. \\\\ x
N ) N\ 150
152«\ NN\ \
151—= DA\ ‘

//} ///\""/'E//‘}'*
226 295 200 226



U.S. Patent Mar. 22, 2016 Sheet 9 of 32 US 9,293,455 B2

187 284 290 2%‘212
188 285 289
189~ \ 28?\\ \ / (/221/285
NN NN 2 A
N \/ d'hN \\\\\/9\/ 286
N N1
172—~L :\: ; N ‘\-i v ~170
NNV SEEA
171 a4\ g7 T 220

164 7 SN N
N UONNNNYE

15122\ //}1///\4‘;'/;///,
226 225 20 226

SNAY 286
V//Z\\"Q/ 170

A\
AL 220
AT T AP

B4

Y
7
e s
v

N\
\ 150




U.S. Patent Mar. 22, 2016 Sheet 10 of 32 US 9,293,455 B2

A 225
23 290

\/‘ 27N
§%§«224<222221)
7

188~ N =285

.
\\
7
pes

NN Z NS ANANNN
N 17 AJ- 286
189S NONTHAES R
L o BN ‘V { - - - ,
A \ \ AN \ A
SR . é \ AN—220
SN 7 N
\ \ 226
164
FIG. 8A
224
225 220 X j\:\\\‘) 222
226 \::\}{ 221

171
\/////////////////////

PR

19177 7 7 7 7 7 7 7 7

V4




U.S. Patent Mar. 22, 2016 Sheet 11 of 32 US 9,293,455 B2

FIG. 8B

2 5 /224

2
LI — 2722
220 ZN3E
k\\- Y- 221

226~
171~ N
7 S /////////////////J

bl NGy 7 N
sz N \\

l~=/77 VAV A SV EVEYAYAw.

FIG. 8C

226 290 225 224 222y

Y

171
\/////////////////////

=N \\\\\\

151 7 7 7 7 /7 7 7 7 7

//

(\
N




164—

U.S. Patent Mar. 22, 2016 Sheet 12 of 32 US 9,293,455 B2
FIG. 8D
401 402 404 403
o A L
//Af/{“ZZZ
172~L ZN\ S
/ / KN 7221
171~ S 7, N
;://( VOV VIV
164"?—/ \ \ N
152«\ N
151~E7-7"4 f/,)\'///\\////
226 220 225
FIG. 8E
188 285 290 289
189~ \ 280 U )
V4 N2 NN VA 224
172~L ‘ N
Vs /IR 7221
171~L W™ A N
T VIO VIO TOIIL

162
192~
151~

N
N
N

g
7,
7
7
o

226 220 225



U.S. Patent Mar. 22, 2016 Sheet 13 of 32 US 9,293,455 B2

171

FIG. 9
187 284 290 2532
189+ 0 \286<§>\28\5 2 /) [ 221 285
VAV Z% N\ _\J/ Jj O /,fz%(m
172—~L i PILY \ :
#N NGl
AN A v 220

277

164— > I/~ \ N \\* N\
162— \ \
N TN

152~
1512723 -2 ///\.‘V/';//.}m
226 225 200 226
FIG. 10

\ ‘\/ )\/\’ "/ ,.“(/ 3
NG ng%%/ 286
172«/ 2 AN

171 /\ ;N NS <AL 00

%
N
N
AN
\
N
N
N
N
N
N
NI
N
N
N
\

\*:’
ENTINONNG




U.S. Patent Mar. 22, 2016 Sheet 14 of 32 US 9,293,455 B2

FIG. 11
187 284 290 - 224,
188 289
o, '\ 206\ ) [0 e
\ AT 24
NI 286
CAV ALY
172«/ pN\Z L 70
1711~ A0 = 220
'\///" V4" /////////1/ J

] \\
162~ N\ \\| \ 150
N TN N
151 —5Z 7 //}1 /,1\’/\{1!’//;:'/4}’,
226 210 225 200 226

FIG. 12

187 284 290 224

AY ,
NZ NN ZNN 7 s
Y z\/”//\/ 286

:i\. A 1 A —/’(/ 'i/ ~170

:
N N 220
Fi/// "/-‘11 %‘/‘l‘l%’/”/‘/;)l{'/‘llLY<

7150




U.S. Patent Mar. 22, 2016 Sheet 15 of 32 US 9,293,455 B2

i pg0

///~\/224(222)
—285

DN
Lk RN -221(220)

P/ /1141718
QA /1171700

N X226

164

FIG. 14A

T71"*’/////////////////////

SN

162
VAV AV SYAAY VA

}//Z/

152~
191

/{/

(
N
N




U.S. Patent Mar. 22, 2016 Sheet 16 of 32 US 9,293,455 B2

FIG. 14B

221~

220
/{//////////////////

NN

191~ VAV A A AVEAvAY.

)

T

7\

FIG. 14C

221
220
171_/”/////////////////////

XX

151l —~c7—7 7 7 7 7 7 /7 7

FIG. 14D

221~

990 —_ FSSSSSTSITISITIININT
171\/”“/////////////////////

R

1591 ~C=7—7 s/ 7 7 7 /7 7 /7 7 7




U.S. Patent Mar. 22, 2016 Sheet 17 of 32 US 9,293,455 B2

FIG. 14E

220 221

29 6\§ \\\\\\\\\\\\\\\\\\\

1 ’//////////////////

R

191—=Z7 Ll [ LSS S S S

FIG. 14F
22\0 21 24 22
226\ 7\77%77777;7777/

\\\\ ALY \\\\\\\\\\\\\

171
! ’//////////////////

AR

15127 VA A A A ALY AYEY4

FIG. 14G

224
220 221 222
776

226 / 1
\ \\\\\\‘ SRS NN AAASNS W,

171
’//////////////////

AN \\\\\\

191—=2"/7"7 VAW AD A S A A A




U.S. Patent Mar. 22, 2016 Sheet 18 of 32 US 9,293,455 B2

FIG. 14H
224

L
220 222

%
\
22 6\ AATIILNRAAN RGN

221

A

171

//////////////////
164”‘\\\‘_,
162'~::§§L_ﬂ \\\::::T::::;:::?::::f\\
152»\5\\\\ N \\\\\
1891—=Z /77 7 7 7 7 7 7 7

FIG. 14/

226 220 2%4 222

w0 /\/L,/ 7 //

'3 SAIULVANIRLNRLNNANGY
171

’//////////////////

SN

151— 7 7 7 7 7 7 7 7 7

2\

'\
N




U.S. Patent Mar. 22, 2016 Sheet 19 of 32 US 9,293,455 B2

FIG. 14J

220 286 290 224

188 289 222
226 ( 285 / 221 085

189~ \

d \ AN }/ ) -286
-t/ /\/\J \—%
L I ‘ >

-/ L VPO
1641~
152«\ N \
101—==—~7r 7 7 7 7 7 7 7 7

FIG. 15
187 284 290 222513
188 285\ 289 | [ ~
189~ \ 280 "UN TC /[ o222 285

\ ) i
Y - 4;_ N\ ’_\ 211 991
172«/ NP «% 170

AN NN <o NS, ,\\\

150

151—5=2 //////“;//‘J
226 200 226




U.S. Patent Mar. 22, 2016 Sheet 20 of 32 US 9,293,455 B2

N\

FIG. 16
289
7 /(\/
NS
/ \s\{\ 290
/\/224(223)
188-—~IC % 285
189-\\:\&\@ \§§\\ R 286
- jl\\\j\j\ \ N ) ) ,
A i\ % § \ A
AN SRR - 221(220)
AN N R
Y N R
N N t‘>~\~ SO RN 226
7 /\224(223,222

164 &

FIG. 17A

T71’\-’/////////////////////

NN

191~ Z—7 VAW AV YA YA AV




U.S. Patent Mar. 22, 2016 Sheet 21 of 32 US 9,293,455 B2

FIG. 17B
2

& 4

171_/”/////////////////////

NN

15177 7 7 7 7 7 7 /7 7 7 4

222
221 . I " ‘ %)
S AR AR R S SANASSAS S SASSSS S AANSASSSABSSSSNS

220
171_/”/////////////////////

NN

19l ~=77 VAV AV SV EVE S A

FIG. 17D

221 Z— 222

22 OA RAOOANRANM MM ARSI
N7 77 7 7 777777 77777777

164 L
AN SN

91~=7—7 l /L L L L L




U.S. Patent Mar. 22, 2016 Sheet 22 of 32 US 9,293,455 B2

FIG. 17E

221 222 2%0

/ 2 /.
226 ~BN \\\\\\\\\\\\\/\\\\\\

171
7 ’//////////////////

TR

191~ 72 L [ L L L L L L L
FIG. 17F
220 221 222 /2/24 223
220 7”&777&”7’”\7”””/””
\Q‘(\\ ISOSRNRMNARIRNASNANN %
171 tx

’//////////////////
164
162—

NS

151 —5z 7 7 7 7 7 7 7 7 7 7

////

FIG. 17G

220 221 222 — VL 223

226\‘ THE: ”&

\\\\’\\\\\\\\\\\\\\\\

171

’////////////////// /
164
162 —

SN TSN\

151——=, 7 7 7 7 7 7 7 7 7

\\/

/
/

/

]
N




U.S. Patent

171

Mar. 22, 2016

29 6—\\§ \\’\\\\\\\‘.\\\ MMM AN

Sheet 23 of 32 US 9,293,455 B2

FIG. 17H

77— 224 221
220 229555k 993 &

7777777777777

162— \

1&«>\\\‘

191—=Z= 72

FIG. 18
187 284 290 224
188 285\ 289
o, 1% oo 20 20 22 g
RN | { NN\ B2 -
7 N NSRS @
| \ 77774 NN 7 221
172~ * N . "/ i | 7170
AT NS NANRANAY \/x;‘u/
1711~xx€ <V AN 220
IITAW G sseosseesssi)

1641 [
162ﬂ-&
152”\}\\\\ N\

Wi—=ZZ

150




U.S. Patent Mar. 22, 2016 Sheet 24 of 32 US 9,293,455 B2

FIG. 19
289
=
WA 290
7 h
. —224(222)
188 —IC 7 2285
oK / . N
189~ 0\ \ \/‘//Y NN 286
AR N YA K
O 7 l{\\\ )
2 N § /% Y- 226(221,220)
N i\j\ \’\\2‘\% , § fxm\x
\ \\~L - \s\;\ 226
T
164—2

.




U.S. Patent Mar. 22, 2016 Sheet 25 of 32 US 9,293,455 B2

FIG. 20
20 292
189~ 283 // [i/221
4 4 r d N J/ ] 286
186 ,/’/ AN “‘*"““ipif;) 5**?2"<2;///
%7 ’i//‘\\/ \\:J A
112~ V20 & - N o220

>150

,/

226 200 226

FIG. 21A
168—T—\_ [l
PN N
166’—<§:\\\;7' N

FIG. 21B

186'_\w/

122;\\ j\\ N
TN




U.S. Patent Mar. 22, 2016 Sheet 26 of 32 US 9,293,455 B2

FIG. 21C
186——_ [ r /%?0/1
168 \ N
152«\\ \\\\\
166"\\\M \

FIG. 21D
86— L7 7 \ 226
168’”\\\_,,
152«\\
166"‘\\wj/

FIG. 21E
186— 777 250 220 \\\:riiﬁ

",

168’*\\
152«\\
166#*\\\___4




U.S. Patent Mar. 22, 2016 Sheet 27 of 32

FIG. 21F

US 9,293,455 B2

7
1 72«/

186

70 5f/<

286

—221

<€
168—T—N\_ [
152«\\
166#\\\&/'
FIG. 21G
290
189~ 286~ )
1722 ¥ 4 \/ 7z
s
168
=N NN
166""\\____// \ \
A )



U.S. Patent Mar. 22, 2016 Sheet 28 of 32 US 9,293,455 B2

FIG. 22
290
286 / e
1/89\/ N ) / : ]
986
186——,/ NZS'S /\/,// A o
172%\/\/— 5/ S RN 220
Sy
168 —N__ 1 N TN
152«\\ \x)\\\\ N 1150
N\ \W 25

L212, [ 268
226 211 210 200 226

FIG. 23

187 284 290 -
188 \ 285\2 ,
189y "\ 28 / / 221,285

N N ¢ /1286

/ YN N N/
172«/ / j\ ;/ﬁQ},/T/ 170
- AN > a 220
1644\\\/ N /\/;z x\

o N \\ ) N 150
152«\ \ \

L \l
191—F5Z= 2 //}/}/ /I\///':/‘ y
296 212 210 200 226

AN

/




U.S. Patent Mar. 22, 2016 Sheet 29 of 32 US 9,293,455 B2

289
(
2
7 s
, o d- 290
/ m_\\\i\
v —-222(221)
188 —IC al / < Xﬁzss
;\_:\:_:\*5\‘///50 \ N
189~ NSO UM 286
S N | TR
S N SN\ B
- SN SRS A NN :
A NEVIN S SRAAA A
N NN L A—220212)
NV NN
00N N
N KNh-226
164-~2
7




U.S. Patent Mar. 22, 2016 Sheet 30 of 32 US 9,293,455 B2

N
{
N
o~y
(€N

221 28 | ]
226 211 210 200 226



U.S. Patent Mar. 22, 2016 Sheet 31 of 32 US 9,293,455 B2

FIG. 26
289
{
186 \1x
R S 290
/) \'1&5\<
5 -222(221)
188 —{C 1-285
BN ISR SN
N N 7% N 286
IANSYEEN N i N i
A B :: z;f; t A
7
e | N : M-220(212,213,211
AU \/////j 220212213211
N N \
N Soy—-226

189~
AP 1212
/ > ] 1-286
172f\2/// 5 £ 220
—221
168’—“\:§x‘<",
152»\5\\\\\ 150
166\
N\

|

226 222 210 200 226



US 9,293,455 B2

Sheet 32 of 32

Mar. 22, 2016

U.S. Patent

oy . NOI93d NOILY¥3dO
A vt 01907 31¥9-318N0T
HOLSISNVAL S$300V
L | NOIOZY NOLLYINGOWN |~z
| “ TTOHSIIHL DINYNAT
| 67~ IAH |
NOIOZY JOVLION | | |
NMOQAVIHE-HOIH | | |
| T8~ NN |
| | NOIOTY ey
1IN0YI0 01907 1z~ AT | AHOWZIA TILYIOANON
3IavaNSINOD3Y | |
404 NOIDIH HOLIMS | | |
NOIDI 01907 TWWHON |
el
\
0l




US 9,293,455 B2

1
SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application No. 2012-
195291 filed on Sep. 5, 2012 including the specification,
drawings and abstract is incorporated herein by reference in
its entirety.

BACKGROUND

The present invention relates to a semiconductor device,
and can be used appropriately for a semiconductor device
having, e.g., an active element (component) in a wiring layer.

A technique which provides an active element (compo-
nent) in a wiring layer in a semiconductor device has been
known. The active element (component) allows the function
of'such a semiconductor device to be changed without involv-
ing a change in the layout of semiconductor elements formed
over a semiconductor substrate. Therefore, it is possible to
manufacture a plurality of types of semiconductor devices
having different functions using the semiconductor substrate,
while keeping the same layout of the semiconductor elements
over the semiconductor substrate. In this case, the manufac-
turing cost of the semiconductor devices can be reduced.

For example, a semiconductor device and a manufacturing
method of the semiconductor device are disclosed in Japanese
Unexamined Patent Publication No. 2010-141230 (corre-
sponding US Patent Application Publication No. 2010/
148171 (A1)). The semiconductor device includes a semicon-
ductor substrate, a first wiring layer, a semiconductor layer, a
gate insulating film, and a gate electrode. The first wiring
layer includes an insulating layer formed over the semicon-
ductor substrate, and first wires embedded in the surface of
the insulating film. The semiconductor layer is located over
the first wiring layer. The gate insulating film is located over
or under the semiconductor layer. The gate electrode is
located on the opposite side of the semiconductor layer via the
gate insulating film. At this time, the semiconductor layer, the
gate insulating film, and the gate electrode form a transistor as
an active element (component). It is possible to use, e.g., one
of'the first wires as the gate electrode. It is also possible to use,
e.g., a diffusion preventing film in the first wiring layer as the
gate insulating film. In that case, the gate insulating film is
formed under the semiconductor layer. The semiconductor
device has a so-called bottom-gate element structure. The
semiconductor device can further include a charge trap film,
and a back-gate electrode over the semiconductor layer. In
this case, the semiconductor device basically has a bottom-
gate element structure, which is a double-gate element struc-
ture auxiliary also including the gate opposing the bottom
gate.

As a related-art technology, a technique for a semiconduc-
tor device is disclosed in Japanese Unexamined Patent Pub-
lication No. 2009-94494 (corresponding US Patent Applica-
tion Publication No. 2009/078970 (Al)). In the
semiconductor device, over a substrate having an insulating
surface, a plurality of field effect transistors are stacked with
respective interlayer insulating layers interposed therebe-
tween. The semiconductor layers included in the plurality of
field effect transistors are isolated from each other by the
semiconductor substrate. The semiconductor layers are
joined with the substrate having the foregoing insulating sur-
face or with respective insulating layers provided over the
foregoing interlayer insulating layers. The plurality of field
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effect transistors are each covered with an insulating film
which gives a strain to each of the semiconductor layers.

A manufacturing method of a semiconductor device, the
semiconductor device, an electrooptical device, and an elec-
tronic device are disclosed in Japanese Unexamined Patent
Publication No. 2009-283819. In the manufacturing method
of the semiconductor device, a plurality of semiconductor
films are laminated. The manufacturing method of the semi-
conductor device includes five steps. The first step is the step
of forming a plug electrode including carbon nanotube over
the first semiconductor film. The second step is the step of
forming an interlayer insulating film around the formed plug
electrode. The third step is the step of planarizing the surface
of the interlayer insulating film to expose the top portion of
the plug electrode. The fourth step is the step of forming the
amorphous second semiconductor film over the interlayer
insulating film and the top portion of the plug electrode. The
fifth step is the step of supplying energy to the amorphous
second semiconductor film to cause the exposed plug elec-
trode to function as a catalyst and crystallize the amorphous
second semiconductor film.

As a related-art technology, an LSI is disclosed in Non-
Patent Document 1 (2012 Symposium on VLSI Technology
digest of Technical Papers, 123-124 (2012)) in which an
oxide semiconductor layer is incorporated in a multilayer
interconnect layer. Also, as a related-art technology, a CMOS
circuit using an oxide semiconductor layer is disclosed in
Non-Patent Document 2 (2011 Symposium on VLSI Tech-
nology Digest of Technical Papers, 120-121 (2011)). Also, as
arelated-art technology, a transistor device structure using an
oxide semiconductor layer is disclosed in Non-Patent Docu-
ment 3 (2011 IEEE International Electron Devices Meeting
(IEDM), 155-158 (2011)).

RELATED ART DOCUMENTS
Patent Documents

[Patent Document 1]
Japanese Unexamined Patent Publication No. 2010-141230
[Patent Document 2]
Japanese Unexamined Patent Publication No. 2009-094494
[Patent Document 3]
Japanese Unexamined Patent Publication No. 2009-283819

Non-Patent Documents

[Non-Patent Document 1]

K. Kaneko et al., “Operation of Functional Circuit Elements
using BEOL-Transistor with InGaZnO Channel for On-
chip High/Low Voltage Bridging [/Os and High-Current
Switches”, 2012 Symposium on VLSI Technology Digest
of Technical Papers, 123-124 (2012).

[Non-Patent Document 2]

K. Kaneko et al., “A Novel BEOL-Transistor (BETr) with
InGaZnO Embedded in Cu-Interconnects for On-chip
High Voltage 1/Os in Standard CMOS LSIs”, 2011 Sym-
posium on VLSI Technology Digest of Technical Papers,
120-121 (2011).

[Non-Patent Document 3]

K. Kaneko et al., “High Reliable BEOL-Transistor with Oxy-
gen-controlled InGaZnO and Gate/Drain Offset Design for
High/Low Voltage Bridging I/O Operations”, 2011 IEEE
International Electron Devices Meeting (IEDM), 155-158
(2011).

SUMMARY

In Japanese Unexamined Patent Publication No. 2010-
141230 mentioned above, the transistor as the in-wiring-layer
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active element (component) has the bottom-gate element
structure or the double-gate element structure based on the
bottom-gate element structure. This leads to several structural
problems. For example, a gate electrode normally needs to
have such a structure as to extend completely across a semi-
conductor layer. However, in providing the transistor of Japa-
nese Unexamined Patent Publication No. 2010-141230 men-
tioned above with such a structure, the following problem is
encountered. In the case of simultaneously forming the semi-
conductor layer and the gate insulating film and then forming
the gate electrode, at the side surfaces of the ends of the
semiconductor layer, the gate electrode undesirably comes in
contact with the semiconductor layer. In the case of forming
the semiconductor layer and then simultaneously forming the
gate insulating film and the gate electrode also, the gate insu-
lating film is thinned at the side surfaces of the ends of the
semiconductor layer. As a result, it is highly possible that the
gate electrode undesirably comes in contact with the semi-
conductor layer.

Other problems and novel features of the present invention
will become apparent from a statement in the present speci-
fication and the accompanying drawings.

In an embodiment, a semiconductor element (active ele-
ment (component)) having a top-gate element structure is
provided in a wiring layer in a semiconductor device. Over
side surfaces of a semiconductor layer in the semiconductor
element (active element (component)), side wall films (side-
walls) other than an interlayer insulating film are provided.

According to the embodiment, there are the side wall films
at positions where a gate electrode extends across the semi-
conductor layer. This can prevent contact between the gate
electrode and the semiconductor layer and provide electrical
isolation between the gate electrode and the semiconductor
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a cross-sectional view showing an example of a
configuration of a semiconductor device according to a first
embodiment;

FIG. 1B is a cross-sectional view showing the example of
the configuration of the semiconductor device according to
the first embodiment;

FIG. 2 is a plan view showing the example of the configu-
ration of the semiconductor device according to the first
embodiment;

FIG. 3A is a cross-sectional view showing an example of a
manufacturing method of the semiconductor device accord-
ing to the first embodiment;

FIG. 3B is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the first embodiment;

FIG. 3C is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the first embodiment;

FIG. 3D is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the first embodiment;

FIG. 3E is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the first embodiment;

FIG. 3F is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the first embodiment;

FIG. 3G is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the first embodiment;
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FIG. 3H is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the first embodiment;

FIG. 31 is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the first embodiment;

FIG. 3] is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the first embodiment;

FIG. 4 is a cross-sectional view showing a first modifica-
tion of the configuration of the semiconductor device accord-
ing to the first embodiment;

FIG. 5A is a cross-sectional view showing a second modi-
fication of the configuration of the semiconductor device
according to the first embodiment;

FIG. 5B is a cross-sectional view showing a third modifi-
cation of the configuration of the semiconductor device
according to the first embodiment;

FIG. 6A is a cross-sectional view showing an example of a
configuration of a semiconductor device according to a sec-
ond embodiment;

FIG. 6B is a cross-sectional view showing another example
of'the configuration of the semiconductor device according to
the second embodiment;

FIG. 7 is a plan view showing the example of the configu-
ration of the semiconductor device according to the second
embodiment;

FIG. 8A is a cross-sectional view showing an example of a
manufacturing method of the semiconductor device accord-
ing to the second embodiment;

FIG. 8B is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the second embodiment;

FIG. 8C is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the second embodiment;

FIG. 8D is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the second embodiment;

FIG. 8E is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the second embodiment;

FIG. 9 is a cross-sectional view showing an example of a
modification of the configuration of the semiconductor
device according to the second embodiment;

FIG. 10 is a cross-sectional view showing an example of a
configuration of a semiconductor device according to a third
embodiment;

FIG. 11 is a cross-sectional view showing a modification of
the configuration of the semiconductor device according to
the third embodiment;

FIG. 12 is a cross-sectional view showing a configuration
of'a semiconductor device according to a fourth embodiment;

FIG. 13 is a plan view showing the configuration of the
semiconductor device according to the fourth embodiment;

FIG. 14A is a cross-sectional view showing an example of
amanufacturing method of the semiconductor device accord-
ing to the fourth embodiment;

FIG. 14B is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the fourth embodiment;

FIG. 14C is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the fourth embodiment;

FIG. 14D is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the fourth embodiment;
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FIG. 14E is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the fourth embodiment;

FIG. 14F is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the fourth embodiment;

FIG. 14G is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the fourth embodiment;

FIG. 14H is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the fourth embodiment;

FIG. 141 is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the fourth embodiment;

FIG. 14] is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the fourth embodiment;

FIG. 15 is a cross-sectional view showing an example of a
configuration of a semiconductor device according to a fifth
embodiment;

FIG. 16 is a plan view showing the example of the configu-
ration of the semiconductor device according to the fifth
embodiment;

FIG. 17A is a cross-sectional view showing an example of
amanufacturing method of the semiconductor device accord-
ing to the fifth embodiment;

FIG. 17B is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the fiftth embodiment;

FIG. 17C is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the fiftth embodiment;

FIG. 17D is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the fiftth embodiment;

FIG. 17E is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the fiftth embodiment;

FIG. 17F is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the fiftth embodiment;

FIG. 17G is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the fiftth embodiment;

FIG. 17H is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the fiftth embodiment;

FIG. 18 is a cross-sectional view showing an example of a
configuration of a semiconductor device according to a sixth
embodiment;

FIG. 19 is a plan view showing the example of the configu-
ration of the semiconductor device according to the sixth
embodiment;

FIG. 20 is a cross-sectional view showing an example of a
configuration of a semiconductor device according to a sev-
enth embodiment;

FIG. 21A is a cross-sectional view showing an example of
amanufacturing method of the semiconductor device accord-
ing to the seventh embodiment;

FIG. 21B is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the seventh embodiment;

FIG. 21C is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the seventh embodiment;
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FIG. 21D is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the seventh embodiment;

FIG. 21E is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the seventh embodiment;

FIG. 21F is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the seventh embodiment;

FIG. 21G is a cross-sectional view showing the example of
the manufacturing method of the semiconductor device
according to the seventh embodiment;

FIG. 22 is a cross-sectional view showing an example of a
configuration of a semiconductor device according to an
eighth embodiment;

FIG. 23 is a cross-sectional view showing an example of a
configuration of a semiconductor device according to a ninth
embodiment;

FIG. 24 is a plan view showing the example of the configu-
ration of the semiconductor device according to the ninth
embodiment;

FIG. 25 is a cross-sectional view showing an example of a
configuration of a semiconductor device according to a tenth
embodiment;

FIG. 26 is a plan view showing the example of the configu-
ration of the semiconductor device according to the tenth
embodiment;

FIG. 27 is a cross-sectional view showing an example of a
configuration of a semiconductor device according to an elev-
enth embodiment; and

FIG. 28 is a layout chart schematically showing an example
of'a configuration of a semiconductor device according to a
twelfth embodiment.

DETAILED DESCRIPTION

Hereinbelow, a description will be given of a semiconduc-
tor device and a manufacturing method of the semiconductor
device according to each of embodiments with reference to
the accompanying drawings.

First Embodiment

A description will be given of a configuration of a semi-
conductor device according to the first embodiment. FIGS.
1A, 1B, and 2 are cross-sectional views and a plan view each
showing an example of the configuration of the semiconduc-
tor device according to the present embodiment. Note that
FIGS. 1A and 1B show cross sections each along the line A-A'
of FIG. 2, and FIG. 1A shows the main portion of FIG. 1B.

A semiconductor device 100 of the present embodiment
includes a first wiring layer 150, a second wiring layer 170,
and a semiconductor element 200. The first wiring layer 150
has a first interlayer insulating layer 152, and a first wire 164
embedded in the first interlayer insulating layer 152. The
second wiring layer 170 has a second interlayer insulating
layer 172 formed above the first wiring layer 150, and second
wires 188, 285, and 289 each embedded in the second inter-
layer insulating layer 172. The semiconductor element 200 is
provided at least in the second wiring layer 170. The semi-
conductor element 200 includes a semiconductor layer 220, a
gate insulating film 221, a gate electrode 222, and first side
wall films 226. The semiconductor layer 220 is provided in
the second wiring layer 170. The gate insulating film 221 is
provided in contact with the semiconductor layer 220. The
gate electrode 222 is provided on the opposite side of the
semiconductor layer 220 via the gate insulating film 221. The
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first side wall films (226) are provided on the side surfaces of
the semiconductor layer 220. It can be said that the semicon-
ductor element 200 is an in-wiring-layer active element (com-
ponent) (or in-wiring-layer functional element) provided in
the wiring layer.

By providing such a configuration, even when the gate
electrode 222 extends to the ends of the island-shaped semi-
conductor layer 220 in the semiconductor element 200, it is
possible to prevent a phenomenon in which the gate electrode
222 comes in direct contact with the semiconductor layer 220
at the side surfaces of the ends of the semiconductor layer
220. This can stabilize the operation of the semiconductor
element 200 and improve the reliability thereof. In particular,
when the gate electrode 222 has such a structure (FIG. 2) as to
extend across the island-shaped semiconductor layer 220, it is
preferable to provide the foregoing configuration.

Also, in the semiconductor element 200, the gate electrode
is not the first wire 164 of the first wiring layer 150, but the
dedicated gate electrode 222 is provided. Therefore, the char-
acteristics of the gate electrode are not limited to those of a
wiring material. As the gate electrode 222, a metal material
having desired characteristics can be used. As a result, there is
no limit to the work function of the gate electrode, and a
threshold voltage can be set.

Also, inthe semiconductor element 200, the gate insulating
film is not a diffusion preventing film (e.g., a Cu diffusion
preventing film) in the second wiring layer 170, but the dedi-
cated gate insulating film 221 is provided. Therefore, the
characteristics of the gate insulating film are not limited to
those of the material of the diffusion preventing film. As the
gate electrode 222, a desired material having a desired film
thickness can be used. As a result, an increase in gate capaci-
tance (i.e., a characteristic improvement) can be easily
achieved.

A further description will be given below of the semicon-
ductor device 100.

The semiconductor device 100 includes a semiconductor
substrate 101, a contact layer 130 provided over the semicon-
ductor substrate 101, and a wiring layer 140 provided over the
contact layer 130. The semiconductor substrate 101 includes
a semiconductor element shown by way of example by a
transistor or a capacitive element. In the example of the draw-
ing, a transistor 121 is formed. The transistor 121 includes
source/drain electrodes 122 and 123, a gate electrode 124, and
a gate insulating film 125. The transistor 121 is isolated from
other elements by an isolating layer 120. The contact layer
130 includes an interlayer insulating layer 131 provided over
the semiconductor substrate 100, and contacts 142 embedded
in the interlayer insulating layer 131. The wiring layer 140
includes an interlayer insulating layer 132 provided over the
interlayer insulating layer 131, and wires 144 embedded in
the interlayer insulating layer 132. The source/drain elec-
trodes 122 and 123 of the transistor 121 are coupled to the
wires 144 via the contacts 142.

The first wiring layer 150 includes a cap insulating layer
151 provided over the wiring layer 140, and a first interlayer
insulating layer 152 provided over the cap insulating layer
151. The cap insulating layer 151 prevents diffusion of the
wiring material (e.g., Cu) of the wires 144. The first wiring
layer 150 further includes a via 162 and the first wire 164. The
via 162 has the lower end thereof extending through the cap
insulating layer 151 and coupled to the wire 144 and the upper
end thereof coupled to the first wire 164. The first wire 164 is
provided on the top surface side of the first interlayer insulat-
ing layer 152.

The second wiring layer 170 includes a cap insulating layer
171 provided over the first wiring layer 150, and a second
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interlayer insulating layer 172 provided over the cap insulat-
ing layer 171. The cap insulating layer 171 prevents diffusion
of the wiring material (e.g., Cu) of the first wire 164. The
second wiring layer 170 further includes a via 189 and the
second wire 188. The via 189 has the lower end thereof
extending through the cap insulating layer 171 and coupled to
the first wire 164 and the upper end thereof coupled to the
second wire 188. The second wire 188 is provided on the top
surface side of the second interlayer insulating layer 172. In
the example of the drawing, the via 189 and the second wire
188 in a dual damascene structure are shown.

The second wiring layer 170 further includes the island-
shaped semiconductor layer 220 provided over the cap insu-
lating layer 171, the gate insulating film 221 provided over the
semiconductor layer 220, the gate electrode 222 provided
over the gate insulating film 221, and the sidewalls 226 pro-
vided around the semiconductor layer 220. The semiconduc-
tor layer 220 functions as a channel. The gate electrode 222,
the gate insulating film 221, and the semiconductor layer 220
form the semiconductor element 200 as the transistor. The
gate electrode 222 has such a structure as to extend com-
pletely across the island-shaped semiconductor layer 220.
Consequently, the gate electrode 222 may come in contact
with the side surfaces of the ends of the semiconductor layer
220 at the end surfaces of the semiconductor layer 220. How-
ever, since the side surfaces of the semiconductor layer 222
are provided with the sidewalls 226, the phenomenon in
which the gate electrode 222 comes in contact with the semi-
conductor layer 220 can be prevented.

The second wiring layer 170 further includes a via 290 and
the second wire 289 which are coupled to the gate electrode
222. The via 290 has the lower end thereof coupled to the end
portion (end portion distant from the semiconductor layer
220) of the gate electrode 222 and the upper end thereof
coupled to the second wire 289. The second wire 289 is
provided on the top surface side of the second interlayer
insulating layer 172. In the example of the drawing, the via
290 and the second wire 289 in a dual damascene structure are
show. The second wiring layer 170 further includes contacts
286 as source/drain electrodes and the second wires 285. The
contacts 286 have the lower ends thereof coupled to the semi-
conductor layer 220 and the upper ends thereof coupled to the
second wires 285. The second wires 285 are provided on the
top surface side of the second interlayer insulating layer 172.
In the example of the drawing, the contacts 286 and the
second wires 285 in a dual damascene structure are shown.

In other words, in the semiconductor device 100 according
to the present embodiment, the semiconductor element 200
uses the semiconductor layer (oxide semiconductor) 220
formed over the cap insulating layer (e.g., Cu diffusion pre-
venting layer) 171 provided over the first wiring layer (e.g.,
Cu wiring layer) 150 as the channel. The semiconductor layer
220 is patterned into an island shape and, over the end sur-
faces (side surfaces) thereof, the sidewalls 226 are formed.
Over the semiconductor layer 220, the gate insulating film
221 and the gate electrode 222 that have been patterned are
disposed. The vias coupling the first wiring layer (Cu wiring
layer) 150 to the second wires (or pad electrodes) 285 are used
as the source/drain electrodes (contacts 286) of the semicon-
ductor element 200. The source/drain electrodes (contacts
286) are disposed on both sides of the gate insulating film 221
and the gate electrode 222. The gate electrode 222 has a shape
which extends over and across the semiconductor layer 220.
However, since the side surfaces of the semiconductor layer
220 are protected by the sidewalls 226, the gate electrode 222
is kept from coming in contact with the semiconductor layer
220.
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Next, a description will be given of the manufacturing
method of the semiconductor device according to the present
embodiment. FIGS. 3A to 3] are cross-sectional views each
showing an example of the manufacturing method of the
semiconductor device according to the present embodiment.
Each of the drawings corresponds to a cross section along the
line A-A' of FIG. 2. Note that, in FIGS. 3A to 3], the illustra-
tion of the semiconductor substrate 101, the contact layer
130, and the wiring layer 140 is omitted.

First, as shown in FIGS. 3A to 3C, the step of forming the
island-shaped semiconductor layer 220 over the wiring layers
(150 and 171) having the first wire 164 is performed. Then, as
shown in FIG. 3D, the step of forming the insulating film
(226) so as to cover the semiconductor layer 220 and the
wiring layers (150 and 170) therewith is performed. Subse-
quently, as shown in FIG. 3E, the step of etching back the
insulating film (226) to form the sidewalls 226 covering the
side surfaces of the semiconductor layer 220 is performed.
Thereafter, as shown in FIGS. 3F to 3G, the step of succes-
sively forming the first gate insulating film 221 and the gate
electrode 222 over the semiconductor layer 220 is performed.
At this time, the gate electrode 222 is formed over the first
gate insulating film 221 so as to extend over the semiconduc-
tor layer 220 and the sidewalls 226.

In the present embodiment, as shown in the steps of FIGS.
3D and 3E, the sidewalls 226 are formed over the side sur-
faces of the island-shaped semiconductor layer 220. Since the
sidewalls 226 cover the exposed side surfaces of the semicon-
ductor layer 220, the side surfaces of the semiconductor layer
220 are not affected by the subsequent steps. Specifically, the
sidewalls 226 physically/chemically/electrically isolate/pro-
tect the semiconductor layer 220 from the gate electrode 222,
which is formed subsequently. This allows the foregoing iso-
lating/protecting function of the sidewalls 226 to prevent a
phenomenon such as the contact or reaction of the gate elec-
trode 222 with or to the semiconductor layer 220. As a result,
it is possible to stabilize the operation of the semiconductor
element 200 and improve the reliability thereof.

A further description will be given below of the manufac-
turing method of the semiconductor device 100 according to
the present embodiment.

First, as shown in FIG. 1, the semiconductor substrate 101
is formed with the isolating layer 120. Then, over the semi-
conductor substrate 101, e.g., the transistor 121 is formed as
the semiconductor element. Subsequently, the contact layer
130 (including the interlayer insulating layer 131 and the
contact 142), and the wiring layer 140 (including the inter-
layer insulating layer 132 and the wires (copper (Cu) wires)
144) are formed. For the foregoing steps, a conventionally
known method can be used.

Next, as shown in FIG. 3A, over the wiring layer 140 (not
shown), the cap layer 151 for preventing diffusion of copper
(Cu) and the first interlayer insulating layer 152 are deposited
in this order. Examples of the material of the cap insulating
layer 151 include silicon nitride (SiN) and silicon carboni-
tride (SiCN). Examples of the material of the first interlayer
insulating layer 152 include silicon dioxide (SiO,). Subse-
quently, in the first interlayer insulating layer 152, the via 162
and the first wire 164 are embedded using a single damascene
method or a dual damascene method. In this manner, the first
wiring layer 150 is formed. Examples of the material of the
via 162 and the first wire 164 include copper (Cu). Thereafter,
the cap insulating layer 171 is formed so as to cover the first
interlayer insulating film 152 and the first wire 164. Examples
of the material of the cap insulating layer 171 include silicon
nitride (SiN) and silicon carbonitride (SiCN). The film thick-
ness thereof is about 10 to 50 nm. The foregoing steps are
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performed by the same method as used to form a typical
semiconductor device having a copper (Cu) wiring layer.

Next, as shown in FIG. 3B, over the cap insulating layer
171, the semiconductor layer 220 serving as the channel of
the semiconductor element 200 is formed by, e.g., a sputtering
method. Preferred examples of the material of the channel
include an InGaZnO (IGZO) layer, an InZnO layer, a ZnO
layer, a ZnAlO layer, a ZnCuO layer, an NiO layer, a SnO
layer, a SnO, layer, a CuO layer, a Cu,0 layer, a Ta,O; layer,
a Ti0O, layer, a laminated structure of any two or more of the
foregoing layers, and a laminated structure of any one or more
of the foregoing layers and another material. Each of the
foregoing layers can be formed at arelatively low temperature
which does not affect the properties of the wiring layer. The
film thickness thereof is about 10 to 50 nm. Subsequently, as
shown in FIG. 3C, the semiconductor layer 220 is patterned
using typical photolithography and dry etching. As a result,
the island-shaped semiconductor layer 220 is formed. Around
the semiconductor layer 220, the cap insulating layer 171 is
exposed.

Next, as shown in FIG. 3D, over the semiconductor layer
220 and the cap insulating layer 171, an insulating film (here-
inafter referred to also as the covering insulating film 226)
serving as the sidewalls 226 is formed by, e.g., a CVD
method. Examples of the covering insulating film 226 (insu-
lating film serving as the sidewalls 226) include silicon diox-
ide (SiO,) and silicon nitride (SiN). The film thickness
thereof is about 20 to 200 nm. The covering insulating film
226 covers not only the top surfaces of the cap insulating layer
171 and the semiconductor layer 220, but also the exposed
side surfaces of the semiconductor layer 220.

Next, as shown in FIG. 3E, the covering insulating film 226
is subjected to a full etch-back process. As a result, the cov-
ering insulating film 226 is removed from the top surfaces of
the cap insulating layer 171 and the semiconductor layer 220,
while the sidewalls 226 are formed over the side surfaces of
the semiconductor layer 220. The sidewalls 226 cover and
protect the exposed side surfaces of the island-shaped semi-
conductor layer 220 such that the semiconductor layer 220 is
not affected by another film or process.

Next, as shown in FIG. 3F, over the top surfaces of the cap
insulating layer 171, the sidewalls 226, and the semiconduc-
tor layer 220, the gate insulating film 221 and the gate elec-
trode 222 are deposited by, e.g., a sputtering method. In this
case, the gate insulating film 221 covers the semiconductor
layer 220 and the sidewalls 226. Here, the side surfaces of the
semiconductor layer 220 are covered with the sidewalls 226
and do not show steep steps. Accordingly, the gate insulating
film 221 is uninterruptedly continued from over the semicon-
ductor layer 220 to the cap insulating layer 171. As a result,
the side surfaces of the ends of the semiconductor layer 220
are protected not only with the sidewalls 266, but also with the
gate insulating film 221. This more reliably prevents contact
between the side surfaces of the ends of the semiconductor
layer 220 and the gate electrode 222.

Examples of the material of the gate insulating film 221
include silicon oxide (Si0,), silicon nitride (SiN,), and an
oxide of a metal such as Hf, Zr, Al, or Ta. Alternatively, a
combination of the foregoing materials may also beused. The
gate insulating film 221 made of such a material may also
include nitrogen, carbon, or the like in addition to a metal and
oxygen. The film thickness thereof is preferably about 0.5 to
50 nm. Thus, the semiconductor element 200 is provided with
the dedicated gate insulating film 221. This allows a desired
material to be used as the gate insulating film having a desired
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film thickness. As a result, an increase in gate capacitance
(i.e., a characteristic improvement) and the like can be easily
achieved.

On the other hand, examples of the material of the gate
electrode 222 include titanium (Ti), titanium nitride (TiN),
aluminum (Al), cobalt (Co), molybdenum (Mo), tantalum
(Ta), tantalum nitride (TaN), tungsten (W), and tungsten
nitride (WN). Alternatively, any of the foregoing materials in
which carbon (C) or oxygen (O) is mixed or a laminated
structure of any of the foregoing materials and another metal
or the like may also be used. The film thickness thereof is
preferably about 5 to 100 nm. Thus, the semiconductor ele-
ment 200 is provided with the dedicated gate electrode 222.
This allows a desired metal material to be used for the gate
electrode. The material of the gate electrode 222 determines
the effective work function of the semiconductor element
(in-wiring-layer active element (component)) 200. As a
result, there is no limit to the work function of the gate
electrode to allow the threshold voltage to be set.

Next, as shown in FIG. 3G, using typical photolithography
and dry etching, the gate electrode 222 and the gate insulating
film 221 are patterned. By the patterning, a gate electrode
shape as shown in the plan view of FIG. 2 is defined. That is,
the gate electrode 222 and the gate insulating film 221 are
patterned into such a gate electrode shape as to extend com-
pletely across (extend over) the semiconductor layer 220
(including the sidewalls 226) (there is also a form in which the
gate insulating film 221 extends not completely across the
semiconductor layer 220). At this time, as described above,
the side surfaces of the ends of the semiconductor layer 220
are protected not only with the sidewalls 266, but also with the
gate insulating film 221. This more reliably prevents contact
between the side surfaces of the ends of the semiconductor
layer 220 and the gate electrode 222.

Next, as shown in FIG. 3H, the second interlayer insulating
layer 172 is formed so as to cover the cap insulating layer 171,
the sidewalls 226, the semiconductor layer 220, the gate insu-
lating film 221, and the gate electrode 222. The second inter-
layer insulating layer 172 is a low-dielectric-constant insu-
lating layer having a dielectric constant lower than that of
silicon dioxide. Examples of the material of the second inter-
layer insulating layer 172 include a carbon-containing film
such as a SIOC(H) film or SiLK (registered trademark). Sub-
sequently, as shown in FIG. 3], in the second interlayer insu-
lating layer 172, holes 401 to 404 for the vias, the contact, and
the wires are opened. Thereafter, as shown in FIG. 3], the via
189, the contacts (source/drain electrodes) 286, the via 290
for the gate electrode, and the second wires 188, 285, and 289
are embedded using a single damascene method or a dual
damascene method. As aresult, the second wiring layer 170 is
formed. Examples of the material of the vias 189 and 290, the
contacts 286, and the second wires 188, 285, and 289 include
copper (Cu) using tantalum (Ta)/tantalum nitride (TaN) or
titanium (Ti)/titanium nitride (TiN) as a barrier film. At this
time, the source/drain electrodes (contacts 286) are provided
over the channel (semiconductor layer 220) after the forma-
tion of the channel (semiconductor 220). This allows the
contact resistance between the channel and the source/drain
electrode to be sufficiently reduced.

By the foregoing steps, the semiconductor device 100
according to the present embodiment is manufactured.

In the present embodiment, as the material of the gate
electrode of the semiconductor element 200, not the same
material as that of wiring, but a dedicated material can be
used. This solves the problem that the work function of the
gate electrode is fixed when the same material as that of
wiring is used and allows any work function to be selected for
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the gate electrode. As a result, the threshold voltage of the
semiconductor element 200 can be set to allow the in-wiring-
layer active element (component) to be set in each of a nor-
mally-on mode and a normally-off mode.

Also, in the present embodiment, as the gate insulating film
of the semiconductor element 200, not the Cu diffusion pre-
venting layer, but a dedicated insulating film can be used. This
solves the problem that, when the Cu diffusion preventing
layer is used, the gate insulating film is excessively thickened
to also satisfy a Cu diffusion barrier function, and allows the
thickness of the gate insulating film to be set irrelevantly to
the Cu diffusion barrier function. As a result, it becomes
possible to further reduce the thickness of the gate insulating
film and significantly increase the gate capacitance.

Also in the present embodiment, over the side surfaces of
the ends of the semiconductor element 200, the sidewalls 226
are provided. By the function of the sidewalls 226, the semi-
conductor layer 220 and the gate electrode 222 can be elec-
trically and physically isolated. This solves the problem that
a short circuit occurs between the end surface of the semicon-
ductor layer 220 and the gate electrode 222, and allows a
significant improvement in the production yield of the device.

(First Variation)

FIG. 4 is a cross-sectional view showing a first variation of
the configuration of the semiconductor device according to
the present embodiment. When compared with the case
shown in FIG. 1A, the case shown in FIG. 4 is different
therefrom in that a hard mask 224 is provided over the gate
electrode 222. Hereinbelow, a description will be given
mainly of the difference therebetween.

In the present variation, the hard mask 224 is used for the
processing of the gate electrode 222 and prevents direct con-
tactbetween a resist and the gate electrode 222. Since the hard
mask 224 is processed using the resist, ashing is performed,
and then the gate electrode 222 is processed using the hard
mask 224, the gate electrode is not exposed during the ashing
of'the resist. Accordingly, it is possible to avoid modification
of the electrode such as the oxidation thereof.

To obtain such a configuration, in the step of FIG. 3F inthe
foregoing manufacturing method of the semiconductor
device shown in FIGS. 3A to 3], over the top surfaces of the
cap insulating layer 171, the sidewalls 226, and the semicon-
ductor layer 220, not only the gate insulating film 221 and the
gate electrode 222, but also the hard mask 224 may further be
deposited appropriately by, e.g., a plasma CVD method.
Examples of the material of the hard mask 224 include insu-
lating films of silicon dioxide (Si0,), silicon oxycarbide
(Si0C), carbon (C), silicon nitride (SiN), and the like and a
combination thereof. The film thickness thereof'is preferably,
e.g., about 30 to 200 nm.

Inthe case of the present modification also, the same effect
as obtained in the case shown in FIGS. 1A, 1B, and 2 can be
obtained.

In addition, by the effect of the hard mask 224, it is possible
to excellently provide contact with the gate electrode 222.

(Second Modification)

FIG. 5A is a cross-sectional view showing a second modi-
fication of the configuration of the semiconductor device
according to the present embodiment. When compared with
the case shown in FIG. 4, the case shown in FIG. 5A is
different therefrom in that sidewalls 225 are provided over the
both side surfaces of a laminated structure of the gate insu-
lating film 221, the gate electrode 222, and the hard mask 224.
Hereinbelow, a description will be given mainly of the differ-
ence therebetween.

In the present variation, when the contacts (source/drain
electrodes) 286 are formed, the sidewalls 225 prevents con-
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tact between the contacts (source/drain electrodes) 286 and
the gate electrode 222. That is, when the holes 402 and 403 for
the contacts 286 are formed, even if the holes 402 and 403
come excessively close to the gate electrode 222, contact with
the gate electrode 222 can be prevented. As a result, the
contacts 286 can be formed at proper positions.

To obtain such a structure, in the foregoing manufacturing
method (method to which the alteration according to the first
modification described above has been added) of the semi-
conductor device shown in FIGS. 3 A to 3], between the steps
of FIGS. 3G and 3H, the following steps may be added
appropriately. First, in the same manner as in the step of FIG.
3D, an insulating film (hereinafter referred to also as a cov-
ering insulating film 225) serving as the sidewalls 225 is
formed by, e.g., a CVD method so as to cover the cap insu-
lating layer 171, the sidewalls 226, the semiconductor layer
220, the gate insulating film 221, the gate electrode 222, and
the hard mask 224. Examples of the material of the covering
insulating film 225 (insulating film serving as the sidewalls
225) include silicon dioxide (SiO,) and silicon nitride (SiN).
The thickness thereofis about 10 to 200 nm. Then, in the same
manner as in the step of FIG. 3E, the covering insulating film
225 is subjected to a full etch-back process. As a result, the
covering insulating film 225 is removed from the top surfaces
of the cap insulating layer 171, the sidewalls 226, and the
semiconductor layer 220, while the sidewalls 225 are formed
over the both side surfaces of the hard mask 224, the gate
electrode 222, and the gate insulating film 221.

In the case shown in the present modification also, the same
effects as obtained in the case shown in FIG. 4 can be
obtained.

In addition, by the effect of the sidewalls 225, it is possible
to prevent contact between the contacts (source/drain elec-
trodes) 286 and the gate electrode 222 and form the contacts
286 at proper positions.

(Third Modification)

FIG. 5B is a cross-sectional view showing a third modifi-
cation of the configuration of the semiconductor device
according to the present embodiment. When compared with
the case shown in FIG. 5A, the case shown in FIG. 5B is
different therefrom in that the hard mask 224 is not provided
over the gate electrode 222. In a manner, the relationship
between FIGS. 5A and 5B is the same as the relationship
between FIGS. 1A and 4. In the case shown in FIG. 5B also,
the same effects as achieved in the case shown in FIG. SA
(except for the effect of the hard mask 224) can be achieved.

Second Embodiment

A description will be given of a configuration of a semi-
conductor device according to the second embodiment. FIG.
6A is a cross-sectional view showing an example of the con-
figuration of the semiconductor device according to the
present embodiment. FIG. 7 is a plan view showing an
example of the configuration of the semiconductor device
according to the present embodiment. Note that FIG. 6A is a
cross section along the line A-A' of FIG. 7. The semiconduc-
tor device of the present embodiment is different from the
semiconductor device particularly in the second modification
(FIG. 5A) of the first embodiment in that each of the contacts
(source/drain electrodes) 286 is provided in a self-aligned
manner. Hereinbelow, a description will be given mainly of
the difference therebetween.

In the present embodiment, over the both side surfaces of
the laminated structure of the hard mask 224, the gate elec-
trode 222, and the gate insulating film 221, the sidewalls 225
are provided. The contacts (source/drain electrodes of the
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semiconductor element 200) 286 are provided in such a man-
ner as to come in contact with the sidewalls 225. The gate
electrode 222 has a shape which extends across the semicon-
ductor layer 220 and the sidewalls 226. By the sidewalls 225,
the positions of the contacts 286 are defined, and therefore the
contacts 286 can be formed at proper positions.

Inthe semiconductor device according the present embodi-
ment, as according to, e.g., the relationship between FIGS.
5A and 5B, the hard mask 224 need not be provided (or may
be provided) over the gate electrode 222. FIG. 6B is a cross-
sectional view showing another example of the configuration
of'the semiconductor device according to the present embodi-
ment. When compared with the case shown in FIG. 6A, the
case shown in FIG. 6B is different therefrom in that the hard
mask 224 is not provided over the gate electrode 222. In a
manner, the relationship between FIGS. 6B and 6A is the
same as the relationship between FIGS. 5B and 5A. In the
case shown in FIG. 6B also, the same effects (except for the
effect of the hard mask 224) as shown in FIG. 6A can be
achieved.

Such a configuration as shown in FIG. 6A can be imple-
mented by the following steps. FIGS. 8A to 8E are cross-
sectional views showing an example of a manufacturing
method of the semiconductor device according to the present
embodiment. Each of the drawings corresponds to a cross
section along the line A-A' of FIG. 7. Note that, in FIGS. 8A
to 8E, the illustration of the semiconductor substrate 101, the
contact layer 130, and the wiring layer 140 is omitted.

First, after the steps in the manufacturing method of the
semiconductor device of the first embodiment shown in
FIGS. 3A to 3E, in the step of FIG. 3F, not only the gate
insulating film 221 and the gate electrode 222, but also the
hard mask 224 is further deposited by, e.g., a plasma CVD
method over the top surfaces of the cap insulating layer 171,
the sidewalls 226, and the semiconductor layer 220.
Examples of the material of the hard mask 224 include insu-
lating films of silicon dioxide (Si0,), silicon oxycarblde
(Si0C), carbon (C), silicon nitride (SiN), and the like and a
combination thereof. The film thickness thereof is preferably
about 30 to 200 nm. Then, in the same manner as in the step
shown in FIG. 3G, using typical photolithography and dry
etching, the hard mask 224, the gate electrode 222, and the
gate insulating film 221 are patterned. By the patterning, a
gate electrode shape as shown in the plan view of FIG. 7 is
defined. That is, the hard mask 224, the gate electrode 222,
and the gate insulating film 221 are patterned into the gate
electrode shape which extends completely across (extends
over) the semiconductor layer 220 (including the sidewalls
226).

Next, as shown in FIG. 8 A, the insulating film (hereinafter
referred to also as the covering insulating film 225) serving as
the sidewalls 225 is formed by, e.g., a CVD method so as to
cover the cap insulating layer 171, the sidewalls 226, the
semiconductor layer 220, the gate insulating film 221, the
gate electrode 222, and the hard mask 224. Examples of the
material of the covering insulating film 225 (insulating film
serving as the sidewalls 225) include silicon dioxide (SiO,)
and silicon nitride (SiN). The thickness thereof is about 10 to
200 nm.

Next, as shown in FIG. 8B, the covering insulating film 225
is subjected to a full etch-back process. As a result, the cov-
ering insulating film 225 is removed from the top surfaces of
the cap insulating layer 171, the sidewalls 226, and the semi-
conductor layer 220, while the sidewalls 225 are formed over
the both side surfaces of the hard mask 224, the gate electrode
222, and the gate insulating film 221.
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Next, as shown in FIG. 8C, the second interlayer insulating
layer 172 is formed so as to cover the cap insulating layer 171,
the sidewalls 226, the semiconductor layer 220, the sidewalls
225, the gate insulating film 221, the gate electrode 222, and
the hard mask 224. The second interlayer insulating layer 172
is a low-dielectric-constant layer having a dielectric constant
lower than that of silicon dioxide. Examples of the material of
the second interlayer insulating layer 172 include a carbon-
containing film such as a SIOC(H) film or SiLK (registered
trademark). Subsequently, as shown in FIG. 8D, in the second
interlayer insulating layer 172, the holes 401 to 404 for the
vias, the contacts, and the wires are opened. In this case, the
holes 402 and 403 for the contacts (source/drain electrodes)
286 are disposed closer to the sidewalls 225 than in the second
modification (FIG. 5A) of the first embodiment. In addition,
the etching rate of the material of the sidewalls 225 is signifi-
cantly lower than the etching rate of the material of the second
interlayer insulating layer 172. In other words, each of the
holes 402 and 403 has a part thereof corresponding to the
sidewall 225, and therefore the sidewall 225 may be etched
together with the second interlayer insulating layer 172 dur-
ing etching. However, since the etching rate of the sidewalls
225 is significantly low, only the second interlayer insulating
layer 172 is etched, and the holes 402 and 403 can be formed
in a so-called self-aligned manner with respect to the gate
electrode 222.

Next, as shown in FIG. 8E, the via 189, the contacts
(source/drain electrodes) 286, the via 290 for the gate elec-
trode, and the second wires 188, 285, and 289 are embedded
using a single damascene method or a dual damascene
method. In this manner, the second wiring layer 170 is
formed. Examples of the via 189, the contacts 186 and 290,
and the second wires 188, 285, and 289 include copper (Cu)
using tantalum (Ta)/tantalum nitride (TaN) or titanium (Ti)/
titanium nitride (TiN) as a barrier film. In this case, since the
contacts (source/drain electrodes) 286 are disposed in a so-
called self-aligned manner with respect to the gate electrode
222, the contacts 286 can be formed at proper positions.

By the foregoing steps, the semiconductor device 100
according to the present embodiment is manufactured.

However, to enable the foregoing semiconductor element
200 to be placed, it is necessary to carefully select a material
for the hard mask 224 and the sidewalls 225. As the material
of'the hard mask 224 and the sidewalls 225, a material having
a selectivity different from that of the second interlayer insu-
lating layer 172 is preferably selected. For example, when
silicon dioxide (Si0,) is used as the material of the second
interlayer insulating layer 172, it can be considered to use
silicon nitride (SiNx) or the like as the material of the hard
mask 224 and the sidewalls 225. As a result, when the holes
402 and 403 for the contacts 286 are opened, it is possible to
selectively leave the sidewalls 225 and prevent the gate elec-
trode 222 from being exposed during the etching for opening
the holes 402 and 403.

In the present embodiment also, the same effects as
obtained in the first embodiment can be obtained.

In addition, in the present embodiment, the semiconductor
element 200 has a top-gate element structure, not a bottom-
gate element structure, and can be placed in a self-aligned
manner. Accordingly, it is possible to precisely control the
distances between the source/drain electrodes (contacts 286)
and the gate (gate insulating film 221 and gate electrode 222).
That is, alignment accuracy can be improved. When silicon
nitride (SiNx) or the like is used for the sidewalls 225 and the
hard mask 224, the etching resistance thereof can prevent a
short circuit between the gate and the source/drain electrodes.
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(Modification)

FIG. 9 is a cross-sectional view showing a modification of
the configuration of the semiconductor device according to
the present embodiment. When compared to the case shown
in FIG. 6A, the case shown in FIG. 9 is different therefrom in
that the drain electrode (contact 286 (D)) is formed at a
position distant from the sidewall 225. Hereinbelow, a
description will be given mainly of the difference therebe-
tween.

In the present embodiment, of the contacts 286 as the
source/drain electrodes, the contact 286 (D) as the drain elec-
trode is formed at a position distant from the sidewall 225.
The placement is determined by lithography. On the other
hand, the contact 286 (S) as the source electrode is formed at
a position in contact with the sidewall 225, in the same man-
ner as in the case shown in FIG. 6A.

Such a configuration can be implemented by adjusting the
position of the hole 403 for the contact (source/drain elec-
trode) 286 in the step of FIG. 8D in the manufacturing method
of'the semiconductor device according to the second embodi-
ment described above. It is also possible to further provide
sidewalls outside the sidewall 225 closer to the contact 286
(D) to provide the double sidewalls and thereby produce the
shape of FIG. 9 by self alignment.

In the present modification also, the same effects as
obtained in the second embodiment can be obtained.

In addition, in the present modification, by physically iso-
lating the drain electrode (contact 286 (D)) from the gate
electrode 222, the drain breakdown voltage of the semicon-
ductor element 200 can be improved. On the other hand, by
forming the source electrode (contact 286 (S)) by self align-
ment, the distance between the source electrode (contact
286 (S)) and the gate (gate insulating film 221 and gate
electrode 222) can be precisely controlled with the width of
the sidewall 225. This allows the source-side parasitic resis-
tance to be minimized.

Third Embodiment

A description will be given of a configuration of a semi-
conductor device according to the third embodiment. FIG. 10
is a cross-sectional view showing an example of the configu-
ration of the semiconductor device according to the present
embodiment. The semiconductor device of the present
embodiment is different from the semiconductor device of the
second embodiment in having a double-gate structure includ-
ing a back gate 210. Hereinbelow, a description will be given
mainly of the difference therebetween.

Inthe present embodiment, the back gate 210 is provided in
the surface region of the first wiring layer 150, similarly to the
first wire (Cu wire) 164 in the first wiring layer 150. The back
gate 210 has the top surface thereof covered with the cap
insulating layer 171. The back gate 210 is provided at a
position opposing the gate electrode 222 via the cap insulat-
ing layer 171 and the semiconductor layer 220. For example,
the back gate 210 is provided so as to cover the region of the
semiconductor layer 220 extending from one (source elec-
trode) of the contacts 286 to the other contact (drain elec-
trode) 286 through the gate electrode 222. That is, the semi-
conductor layer 220 has the double gate structure having the
gate electrode 222 and the back gate 210.

However, it is also possible to apply the back gate 210
provided in the present embodiment to each of the semicon-
ductor elements 200 of the first embodiment, the modifica-
tions thereof, and the modification of the second embodi-
ment.

To obtain such a configuration, when the first wiring layer
150 is formed in the manufacturing method of the semicon-
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ductor device of the second embodiment (in the step of FIG.
3A), the back gate (Cu wire) 210 is formed simultaneously
with the first wire (Cu wire) 164. This allows the back gate
210 to be formed without providing an additional step. More-
over, when the gate electrode 222 and the like are formed,
since the semiconductor layer 220 is formed over the region
where the back gate 210 exists, the gate electrode 222 and the
like are aligned with respect to the back gate 210 and pat-
terned.

In the present embodiment also, the same effects as
obtained in the second embodiment can be obtained.

In addition, in the present embodiment, the semiconductor
element 200 is formed in the double gate structure to allow
switching between the source/drain electrodes to be per-
formed with a more excellent ON/OFF ratio. In addition, the
sub-threshold characteristic is improved to allow driving at a
lower voltage.

(Modification)

FIG. 11 is a cross-sectional view showing a modification of
the configuration of the semiconductor device according to
the present embodiment. Compared with the case shown in
FIG. 10, the case shown in FIG. 11 is different therefrom in
that the back gate 210 is disposed in the limited region of the
semiconductor layer 220. Hereinbelow, a description will be
given mainly of the difference therebetween.

In the present modification, the back gate 210 is provided at
aposition opposing one (source electrode) of the contacts 286
and a part of the gate electrode 222 via the cap insulating layer
171 and the semiconductor layer 220. Specifically, the back
gate 210 is provided so as to cover the region of the semicon-
ductor layer 220 extending from the one contact (source
electrode) 286 to the gate electrode 222. Thus, in the present
embodiment, the back gate 210 is disposed in the limited
region of the channel (semiconductor layer 220).

Such a configuration can be implemented by, e.g., displac-
ing the position of the back gate (Cu wire) 210 when the back
gate (Cu wire) 210 is formed in the first wiring layer 150 in the
manufacturing method of the semiconductor device of the
third embodiment. Alternatively, when the gate electrode 222
and the like are formed, the gate electrode 222 and the like are
aligned to be slightly displaced from the back gate 210 and
patterned to allow such a configuration to be implemented.

In the present modification also, the same effects as
obtained in the third embodiment can be obtained.

In addition, in the present modification, it is possible to
cause the double-gate effect due to the back gate 210 only
between, e.g., the source (the one contact 286) and the gate
(gate electrode 222). Consequently, even when, e.g., the side-
walls 225 are thickened, a parasitic resistance can be suffi-
ciently reduced by the back gate 210 between the source and
gate while, between the source and the drain, the drain break-
down voltage can be precisely determined with the distance
defined by the film thickness of the sidewall 225. That is, by
thus changing the position of the back gate 210 to a desired
position, the element characteristics of the semiconductor
element 200 can be optimized.

Fourth Embodiment

A description will be given of a configuration of a semi-
conductor device according to the fourth embodiment. FIG.
12 is a cross-sectional view showing an example of the con-
figuration of the semiconductor device according to the
present embodiment. FIG. 13 is a plan view showing the
example of the configuration of the semiconductor device
according to the present embodiment. Note that FIG. 12 is a
cross section along the line A-A' of FIG. 13. The semicon-
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ductor device of the present embodiment is different from the
semiconductor device of the first embodiment (FIG. 1A) in
that the gate insulating film 221 covers the entire upper sur-
face of the semiconductor layer 220. Hereinbelow, a descrip-
tion will be given mainly of the difference therebetween.

In the present embodiment, the gate insulating film 221
covers the entire upper surface of the island-shaped semicon-
ductor layer 220. That is, the gate insulating film 221 overlaps
the semiconductor layer 220 in planar view. In addition, the
sidewalls 226 cover the both side surfaces of the semiconduc-
tor layer 220 and the gate insulating film 221. Note that the
present embodiment also includes a form in which the gate
insulating film 221 in the region where the gate electrode 222
does not exist is thinner than the gate insulating film 221
immediately under the gate electrode 222 or is partly missing.
In this case, as will be described later, patterning is performed
after the gate insulating film 221 is formed over the semicon-
ductor layer 220. As a result, the semiconductor layer 220 is
no longer affected by the patterning to allow easy control of
the film quality thereof. In addition, contact between the gate
electrode 222 and the semiconductor layer 220 can be more
reliably prevented.

Such a configuration can be implemented by the following
steps. FIGS. 14A to 14] are cross-sectional views each show-
ing an example of a manufacturing method of the semicon-
ductor device according to the present embodiment. Each of
the drawings corresponds to a cross section along the line
A-A'of FIG. 13. Note that, in FIGS. 14A to 14], the illustra-
tion of the semiconductor substrate 101, the contact layer
130, and the wiring layer 140 is omitted.

First, as shown in FIG. 1B, the semiconductor substrate
101 is formed with the isolating layer 120. Then, over the
semiconductor substrate 101, e.g., the transistor 121 is
formed as the semiconductor element. Subsequently, the con-
tact layer 130 (including the interlayer insulating layer 131
and the contacts 142), and the wiring layer 140 (including the
interlayer insulating layer 132 and the wires (copper (Cu)
wires) 144) are formed. For the foregoing steps, a conven-
tionally known method can be used.

Next, as shown in FIG. 14 A, over the wiring layer 140 (not
shown), the cap insulating layer 151 for preventing diffusion
of copper (Cu) and the first interlayer insulating layer 152 are
deposited in this order. Subsequently, in the first interlayer
insulating layer 152, the via 162 and the first wire 164 are
embedded using a single damascene method or a dual dama-
scene method. In this manner, the first wiring layer 150 is
formed. Thereafter, the cap insulating layer 171 is formed so
as to cover the first interlayer insulating film 152 and the first
wire 164. The foregoing steps are performed by the same
method as used to form a typical semiconductor device hav-
ing a copper (Cu) wiring layer.

Next, as shown in FIG. 14B, over the cap insulating layer
171, the semiconductor layer 220 serving as the channel of
the semiconductor element 200 is formed by, e.g., a sputtering
method. Further, the gate insulating film 221 is deposited
thereover by, e.g., a sputtering method. Subsequently, as
shown in FIG. 14C, the gate insulating film 221 is patterned
by typical photolithography and dry etching. As a result, the
island-shaped gate insulating film 221 is formed. Then, as
shown in FIG. 14D, the semiconductor layer 220 under the
gate insulating film 221 is patterned by dry etching using the
gate insulating film 221 as a mask. As a result, a laminated
structure of the island-shaped gate insulating film 221 and the
semiconductor layer 220 is formed.

Next, as shown in FIG. 14E, over the gate insulating film
221" and the cap insulating layer 171, an insulating film (here-
inafter referred to also as the covering insulating film 226)
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serving as the sidewalls 226 is formed by, e.g., a CVD
method. Then, the covering insulating film 226 is subjected to
a full etch-back process. As a result, over the side surfaces of
the gate insulating film 221 and the semiconductor layer 220,
the sidewalls 226 are formed. The sidewalls 226 cover and
protect the exposed side surfaces of the island-shaped semi-
conductor layer 220 such that the semiconductor layer 220 is
not affected by another film or process.

Next, as shown in FIG. 14F, over the top surfaces of the cap
insulating layer 171, the sidewalls 226, and the gate insulating
film 221, the gate electrode 222 and the hard mask 224 are
deposited by, e.g., a sputtering method. Subsequently, as
shown in FIG. 14G, using typical photolithography and dry
etching, the hard mask 224 is patterned. Subsequently, as
shown in FIG. 14H, the gate electrode 222 under the hard
mask 224 is patterned by dry etching using the hard mask 224
as a mask. As a result, a laminated structure of the hard mask
224 and the gate electrode 222 which has a gate electrode
shape as shown in the plan view of FIG. 13 is formed.

Next, as shown in FIG. 141, the second interlayer insulating
layer 172 is formed so as to cover the cap insulating layer 171,
the sidewalls 226, the gate insulating film 221, the gate elec-
trode 222, and the hard mask 224. Subsequently, as shown in
FIG. 14J, in the second interlayer insulating layer 172, the
holes for the vias, the contacts, and the wires are opened.
Thereafter, the via 189, the contacts (source/drain electrodes)
286, the via 290 for the gate electrode, and the second wires
188, 285, and 289 are embedded using a single damascene
method or a dual damascene method. As a result, the second
wiring layer 170 is formed.

By the foregoing steps, the semiconductor device 100
according to the present embodiment is manufactured.

Note that, as a method for forming the sidewalls 226, a
technique which oxidizes the end surfaces of the semicon-
ductor layer 220 to partially change the semiconductor layer
220 into an insulator or the like can also be used besides the
step of FIG. 14E described above. Note that, when the gate
electrode 222 is patterned, the gate insulating film 221 is also
etched. Therefore, the present embodiment also includes a
form in which the gate insulating film 221 in the region where
the gate electrode 222 does not exist is thinner than the gate
insulating film 221 immediately under the gate 222 or is
missing.

In the present embodiment also, the same effects as
obtained in the first embodiment can be obtained.

In addition, in the present embodiment, patterning is per-
formed after the gate insulating film 221 is formed over the
semiconductor layer 220 so that the semiconductor layer 220
is no longer affected by the patterning (no longer affected by
direct application of a resist and a resist removing operation).
This allows easy control of the film quality of the semicon-
ductor layer 220, specifically control of a composition such as
oxygen in the semiconductor layer 220 and the like.

Fifth Embodiment

A description will be given of a configuration of a semi-
conductor device according to a fifth embodiment. FIG. 15 is
a cross-sectional view showing an example of the configura-
tion of the semiconductor device according to the present
embodiment. FIG. 16 is plan view showing the example of the
configuration of the semiconductor device according to the
present embodiment. Note that FIG. 15 is a cross section
along the line A-A' of FIG. 16. The semiconductor device of
the present embodiment is different from the semiconductor
device of the fourth embodiment (FIG. 12) in that the gate
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electrode includes two layers. Hereinbelow, a description will
be given mainly of the difference therebetween.

In the present embodiment, the gate electrode includes the
two layers of the lower gate electrode 222 and an upper gate
electrode 223. The lower gate electrode 222 exists only over
the semiconductor layer 220. The upper gate electrode 223 is
formed not only to exist over the semiconductor layer 200, but
also to extend across the semiconductor layer 220. The mate-
rials of the two gate electrodes may be the same as or different
from each other. Note that the present embodiment also
includes a form in which the gate insulating film 221 in the
region where the lower gate electrode 222 does not exist is
thinner than the gate insulating film 221 immediately under
the lower gate electrode 222 or is missing. In this case, as will
be described later, patterning is performed after the gate insu-
lating film 221 and the lower gate electrode 222 are formed
over the semiconductor layer 220. As a result, the semicon-
ductor layer 220 and the gate insulating film 221 are no longer
affected by the patterning to allow easy control of the film
quality thereof.

Such a configuration can be implemented by the following
steps. FIGS. 17A to 17H are cross-sectional views showing
an example of a manufacturing method of the semiconductor
device according to the present embodiment. Each of the
drawings corresponds to a cross section along the line A-A' of
FIG. 16. Note that, in FIGS. 17A to 17H, the illustration of the
semiconductor substrate 101, the contact layer 130, and the
wiring layer 140 is omitted.

First, as shown in FIG. 1B, the semiconductor substrate
101 is formed with the isolating layer 120. Then, over the
semiconductor substrate 101, e.g., the transistor 121 is
formed as the semiconductor element. Subsequently, the con-
tact layer 130 (including the interlayer insulating layer 131
and the contacts 142), and the wiring layer 140 (including the
interlayer insulating layer 132 and the wires (copper (Cu)
wires) 144) are formed. For the foregoing steps, a conven-
tionally known method can be used.

Next, as shown in FIG. 17A, over the wiring layer 140 (not
shown), the cap insulating layer 151 for preventing diffusion
of copper (Cu) and the first interlayer insulating layer 152 are
deposited in this order. Subsequently, in the first interlayer
insulating layer 152, the via 162 and the first wire 164 are
embedded using a single damascene method or a dual dama-
scene method. In this manner, the first wiring layer 150 is
formed. Thereafter, the cap insulating layer 171 is formed so
as to cover the first interlayer insulating film 152 and the first
wire 164. The foregoing steps are performed by the same
method as used to form a typical semiconductor device hav-
ing a copper (Cu) wiring layer.

Next, as shown in FIG. 17B, over the cap insulating layer
171, the semiconductor layer 220 serving as the channel of
the semiconductor element 200, the gate insulating film 221,
and the lower gate electrode 222 are deposited in this order by,
e.g., a sputtering method. Subsequently, as shown in FIG.
17C, the lower gate electrode 222 is patterned by typical
photolithography and dry etching. As a result, the island-
shaped lower gate electrode 222 is formed. Then, as shown in
FIG. 17D, the gate insulating film 221 and the semiconductor
layer 220 each under the lower gate electrode 222 are pat-
terned by dry etching using the lower gate electrode 222 as a
mask. As a result, a laminated structure of the island-shaped
lower gate electrode 222, the gate insulating film 221, and the
semiconductor layer 220 is formed. At this time, the gate
insulating film 221 and the semiconductor layer 220 are pro-
tected by the lower gate electrode 222 and therefore scarcely
affected by photolithography and dry etching.
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Next, as shown in FIG. 17E, over the lower gate electrode
222 and the cap insulating layer 171, an insulating film (here-
inafter referred to also as the covering insulating film 226)
serving as the sidewalls 226 is formed by, e.g., a CVD
method. Then, the covering insulating film 226 is subjected to
a full etch-back process. As a result, over the side surfaces of
the lower gate electrode 222, the gate insulating film 221, and
the semiconductor layer 220, the sidewalls 226 are formed.
The sidewalls 226 cover and protect the exposed side surfaces
of the island-shaped gate insulating film 221 and the semi-
conductor layer 220 such that the gate insulating film 221 and
the semiconductor layer 220 are not affected by another film
or process.

Next, as shown in FIG. 17F, over the top surfaces of the cap
insulating layer 171, the sidewalls 226, and the lower gate
electrode 222, the upper gate electrode 223 and the hard mask
224 are deposited by, e.g., a sputtering method. Subsequently,
as shown in FIG. 17G, using typical photolithography and dry
etching, the hard mask 224 is patterned. Subsequently, as
shown in FIG. 17H, the upper gate electrode 222 and the
lower gate electrode 222 each under the hard mask 224 are
patterned by dry etching using the hard mask 224 as a mask.
As a result, a laminated structure of the hard mask 224, the
upper gate electrode 223, and the lower gate electrode 222
which has a gate electrode shape as shown in the plan view of
FIG. 16 is formed. Note that, since the gate insulating film 221
is also etched when the lower gate electrode 222 is patterned,
the present embodiment also includes a form in which the
gate insulating film 221 in the region where the lower gate
electrode 222 does not exist is thinner than the gate insulating
film 221 immediately under the lower gate electrode 222 or
missing.

The subsequent steps are as shown in the steps of FIGS. 141
to 14J in the manufacturing method of the semiconductor
device according to the fourth embodiment.

By the foregoing steps, the semiconductor device 100
according to the present embodiment is manufactured.

In the present embodiment also, the same effects as
obtained in the fourth embodiment can be obtained.

In addition, in the present embodiment, the lower gate
electrode 222 is formed over the semiconductor layer 220 and
the gate insulating film 221 and then patterned into the chan-
nel shape. Thereafter, the upper gate electrode 223 is formed
and then patterned into the gate electrode shape. As a result,
the semiconductor layer 220 and the gate insulating film 221
are no longer affected by the patterning (no longer affected by
direct application of a resist and a resist removing operation).
This allows easy control of the film quality of each of the
semiconductor layer 220 and the gate insulating film 221
(specifically, control of a composition such as oxygen in the
semiconductor layer 220, damage in the gate insulating film,
oxygen loss, and the like).

Sixth Embodiment

A description will be given of a configuration of a semi-
conductor device according to a sixth embodiment. FIG. 18 is
a cross-sectional view showing an example of the configura-
tion of the semiconductor device according to the present
embodiment. FIG. 19 is plan view showing an example of the
configuration of the semiconductor device according to the
present embodiment. Note that FIG. 18 is a cross section
along the line A-A' of FIG. 19. The semiconductor device of
the present embodiment is different from the semiconductor
device of the fourth embodiment (FIG. 12) in that the gate
insulating film has a double structure. Hereinbelow, a descrip-
tion will be given mainly of the difference therebetween.
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In the present embodiment, over the gate insulating film
221, a gate insulating film is further formed. The gate insu-
lating film is the covering insulating film 226 for the sidewalls
226 which is left as is over the gate insulating film 221 without
being etched back (hereinafter referred to as the second gate
insulating film 226). Accordingly, the second gate insulating
film 226 covers the upper and end surfaces of the laminated
structure of the semiconductor layer 220 and the gate insu-
lating film 221 that have been patterned. That is, over the
processed side surfaces of the semiconductor layer 220, the
second gate insulating film 226 is formed as the sidewalls.

Such a configuration can be implemented by not perform-
ing a full etch-back process on the covering insulating film
226 in the step of FIG. 14E in the manufacturing method of
the semiconductor device according to the fourth embodi-
ment. In this case, the materials and thicknesses of the gate
insulating film 221 and the covering insulating film 226 are
set in consideration of the laminated structure of the gate
insulating film. Note that the present embodiment also
includes a form in which the gate insulating film 221 in the
region where the gate electrode 222 does not exist is thinner
than the gate insulating film 221 immediately under the lower
gate electrode 222 or missing.

In the present modification also, the same effects as
obtained in the fourth embodiment can be obtained.

In addition, in the present embodiment, the step of etching
back the covering insulating film 226 is no longer necessary
to allow the manufacturing process to be simplified. More-
over, since the step of etching back the covering insulating
film 226 is not performed, damage to the gate insulating film
and the like can be reduced. Depending on the material, a
strain can also be introduced into the semiconductor layer 220
(channel) to allow an improvement in carrier mobility in the
semiconductor layer 220.

Seventh Embodiment

A description will be given of a configuration of a semi-
conductor device according to a seventh embodiment. FIG.
20 is a cross-sectional view showing an example of the con-
figuration of the semiconductor device according to the
present embodiment. The semiconductor device of the
present embodiment is different from the semiconductor
device of the first embodiment (FIG. 1A) in which the semi-
conductor element (in-wiring-layer active element (compo-
nent)) 200 is formed in the copper (Cu) wiring layer in that the
semiconductor element (in-wiring-layer active element
(component)) 200 is formed in an aluminum (Al) wiring
layer. Hereinbelow, a description will be given mainly of the
difference therebetween.

In the present embodiment, the semiconductor element
(in-wiring-layer active element (component)) 200 is formed
in the aluminum (Al) wiring layer. That is, the first wiring
layer 150 includes the first wire 166 and the via 168 each
made of aluminum (Al), and the second wiring layer 170
includes the second wire 186 and the via 189 each made of
aluminum (Al). The semiconductor element 200 is formed in
the second wiring layer, but the element structure thereof is
the same as in the case shown in FIG. 1A.

Next, a description will be given of a manufacturing
method of the semiconductor device according to the present
embodiment. FIGS. 21A to 21G are cross-sectional views
showing an example of the manufacturing method of the
semiconductor device according to the present embodiment.
Note that, in FIGS. 21A to 21G, the illustration of the semi-
conductor substrate 101, the contact layer 130, and the wiring
layer 140 is omitted.
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First, as shown in FIG. 1B, the semiconductor substrate
101 is formed with the isolating layer 120. Then, over the
semiconductor substrate 101, e.g., the transistor 121 is
formed as the semiconductor element. Subsequently, the con-
tact layer 130 (including the interlayer insulating layer 131
and the contacts 142), and the wiring layer 140 (including the
interlayer insulating layer 132 and the wire (aluminum (Al)
wire) 144) are formed. For the foregoing steps, a convention-
ally known method can be used.

Next, as shown in FIG. 21A, after the first wire 166 of
aluminum (Al) is formed, the first interlayer insulating layer
152 is deposited. Subsequently, in the first interlayer insulat-
ing layer 152, the via 168 is embedded using a damascene
method. In this manner, the first wiring layer 150 is formed.
The foregoing steps are performed by the same method as
used to form a typical semiconductor device having an alu-
minum (Al) wiring layer.

Next, as shown in FIG. 21B, over the first interlayer insu-
lating layer 152, the second wire 186 of aluminum (Al) is
formed. Subsequently, as shown in FIG. 21C, over the second
wire 186 and the first interlayer insulating layer 152, the
semiconductor layer 220 serving as the channel of the semi-
conductor element 200 is formed by, e.g., a sputtering
method. Then, the semiconductor layer 220 is patterned using
typical photolithography and dry etching. As a result, the
island-shaped semiconductor layer 220 is formed.

Next, as shown in FIG. 21D, over the semiconductor layer
220, the second wire 186, and the first interlayer insulating
layer 152, an insulating film (hereinafter referred to also as
the covering insulating film 226) serving as the sidewalls 226
is formed by, e.g., a CVD method. Then, the covering insu-
lating film 226 is subjected to a full etch-back process. As a
result, over the side surfaces of the semiconductor layer 220,
the sidewalls 226 are formed. The sidewalls 226 cover and
protect the exposed side surfaces of the island-shaped semi-
conductor layer 220 such that the semiconductor layer 220 is
not affected by another film or process.

Next, as shown in FIG. 21E, over the top surfaces of the
sidewalls 226, the semiconductor layer 220, the second wire
186, and the first interlayer insulating layer 152, the gate
insulating film 221 and the gate electrode 222 are deposited
by, e.g., a sputtering method. Then, using typical photolithog-
raphy and dry etching, the gate electrode 222 and the gate
insulating film 221 are patterned. In this manner, the gate
electrode 222 and the gate insulating film 221 are patterned
into a gate electrode shape which extends completely across
(extends over) the semiconductor layer 220 (including the
sidewalls 226). At this time, the side surfaces of the ends of
the semiconductor layer 220 are protected not only by the
sidewalls 226, but also by the gate insulating film 221. This
more reliably prevents contact between the side surfaces of
the ends of the semiconductor layer 220 and the gate electrode
222.

Next, as shown in FIG. 21F, the second interlayer insulat-
ing layer 172 is formed so as to cover the sidewalls 226, the
semiconductor layer 220, the gate electrode 222, the second
wire 186, and the first interlayer insulating layer 152. Subse-
quently, as shown in FIG. 21G, in the second interlayer insu-
lating layer 172, the holes for the vias and the contacts are
opened. Then, the via 189, the contacts (source/drain elec-
trodes) 286, and the via 290 for the gate electrode are embed-
ded using a damascene method. As a result, the second wiring
layer 170 is formed.

By the foregoing steps, the semiconductor device 100
according to the present embodiment is manufactured.

In the present embodiment also, irrespective of the type of
the wiring layer, the same effects as obtained in the first
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embodiment can be obtained. That is, irrespective of the
generation of the semiconductor device, the semiconductor
element (in-wiring-layer active element (component)) 200
can be incorporated in the wiring layer.

Eighth Embodiment

A description will be given of a configuration of a semi-
conductor device according to an eighth embodiment. FIG.
22 is a cross-sectional view showing an example of the con-
figuration of the semiconductor device according to the
present embodiment. The semiconductor device of the
present embodiment is different from the semiconductor
device of the seventh embodiment (FIG. 20) in having a
double gate structure having a back gate 211. Hereinbelow, a
description will be given mainly of the difference therebe-
tween.

In the present embodiment, the semiconductor element
200 further includes a back-gate insulating film 212 in contact
with the lower portion of the semiconductor layer 220, and the
back gate 211 in contact with the lower portion of the back-
gate insulating film 212. The back-gate insulating film 212
and the back gate 211 have the same shape as that of the
semiconductor layer 220 in planar view. The sidewalls 226
cover the side surfaces of the semiconductor layer 220, the
back-gate insulating film 212, and the back gate 211. The first
wiring layer 150 includes a first wire (210) for the back gate
211, and a via 268 coupling the first wire (210) to the back
gate 211.

Such a configuration can be implemented by the following
steps. First, in the step of FIG. 21A in the manufacturing
method of the semiconductor device according to the seventh
embodiment, the first wire (210) is formed in addition to the
first wire 166. Thereafter, the first interlayer insulating layer
152 is deposited. Then, in the first interlayer insulating layer
152, the via 268 is embedded in addition to the via 168 using
a damascene method. Subsequently, after the step of FIG.
21B, in the step of FIG. 21C, over the second wire 186, the via
268, and the first interlayer insulating layer 152, not the
semiconductor layer 220, but the back gate 211 is formed by,
e.g., a sputtering method, the back-gate insulating film 212 is
formed by, e.g., a DVD method, and the semiconductor layer
220 is formed by, e.g., a sputtering method. Then, the lami-
nated film of the back gate 211, the back-gate insulating film
212, and the semiconductor layer 220 is patterned into an
island shape using typical photolithography and dry etching.
The subsequent steps are the same as the steps of FIGS. 21D
to 21G.

In the present embodiment also, the same effects as
obtained in the seventh embodiment can be obtained.

In addition, according to the present embodiment, it is also
possible to form a double gate structure in the aluminum (Al)
wiring layer. This allows the semiconductor element (in-
wiring-layer active element (component)) having the double
gate structure to be incorporated in the wiring layer irrespec-
tive of the generation of the semiconductor device.

Ninth Embodiment

A description will be given of a configuration of a semi-
conductor device according to the ninth embodiment. FIG. 23
is a cross-sectional view showing an example of the configu-
ration of the semiconductor device according to the present
embodiment. FIG. 24 is a plan view showing an example of
the configuration of the semiconductor device according to
the present embodiment. Note that FIG. 23 is a cross section
along the line A-A' of FIG. 24. The semiconductor device of
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the present embodiment is different from the semiconductor
device of the first embodiment (FIG. 1A) in having a double
gate structure having a charge retaining (storing) function.
Hereinbelow, a description will be given mainly of the difter-
ence therebetween.

In the present embodiment, the semiconductor element
200 further includes the insulating film 212, the cap insulating
layer 171, and the back gate 210 which are provided under the
semiconductor layer 220 in addition to the gate insulating
film 221 and the gate electrode 222 which are provided over
the semiconductor layer 220.

The back gate 210 is provided in the surface region of the
first wiring layer 150, similarly to the first wire (Cu wire) 164
in the first wiring layer 150. The back gate 210 has the top
surface thereof covered with the cap insulating layer 171. The
back gate 210 is provided at a position opposing the gate
electrode 222 via the cap insulating layer 171 and the semi-
conductor layer 220. For example, the back gate 210 is pro-
vided so as to cover the region extending from one (source
electrode) of the contacts 286 of the semiconductor layer 220
to the other contact (drain electrode) 286 through the gate
electrode 222. That is, the semiconductor element 200 has the
double gate structure having the gate electrode 222 and the
back gate 210.

In the cap insulating layer 171, charges extracted from the
semiconductor layer 220 by the voltage applied to the back
gate 210 are retained or released therefrom into the semicon-
ductor layer 220. Thus, the cap insulating layer 171 has the
function of a charge retaining layer. That is, the semiconduc-
tor element 200 has a memory function. Note that examples
of the material of the cap insulating layer 171 include silicon
nitride (SiN,) and silicon carbonitride (SiCN), and the film
thickness of'the cap insulating layer 171 is about 10 to 50 nm.
The insulating film 212 (tunnel insulating film) provides iso-
lation between the cap insulating layer 171 and the semicon-
ductor layer 220 so as to prevent inappropriate movement of
charges. Examples of the material of the insulating film 212
include silicon dioxide (Si0O,), aluminum oxide (Al,O;),
another metal oxide, and a combination thereof. The thick-
ness of the insulating film 212 is about 3 to 20 nm.

Note that the cap insulating layer 171 located under the
insulating film 212 functions as the charge retaining layer.
However, a structure in which a new charge retaining film is
interposed between the cap insulating layer 171 and the insu-
lating film 212 may also be used. In this case, examples of the
material of the interposed charge retaining film include films
of silicon nitride (SiN), silicon carbonitride (SiCN), alumi-
num oxide (Al,O;), and silicon dioxide (SiO,) to each of
which an extremely small amount of impurity has been
added, another trap insulating film, a polysilicon floating
gate, silicon nanocrystal embedded in a silicon dioxide film,
and a metal oxide semiconductor. The thickness of the inter-
posed charge retaining film is about 2 to 30 nm.

By having a structure described above, the semiconductor
element 200 according to the present embodiment can oper-
ate as, e.g., a memory.

The following is the operation of the semiconductor ele-
ment 200 as the memory.

Data writing is implemented by, e.g., applying a predeter-
mined voltage (e.g., +3 V or 0 V) to the back gate 210 and to
the gate electrode 222 to extract charges (e.g., electrons) from
the semiconductor layer 220 and injecting the charges into the
cap insulating layer 171 as the charge retaining layer. Data
erasing is implemented by, e.g., applying a predetermined
voltage (e.g., -3V or +3 V) to the back gate 210 and to the gate
electrode 222 to eject charges (e.g., electrons) from the cap
insulating layer 171 as the charge retaining layer and injecting
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the charges into the semiconductor layer 220. Data reading is
performed by detecting a variation in the threshold voltage of
atransistor (hereinafter referred to also as an upper transistor)
including the semiconductor layer 220, the gate insulating
film 221, and the gate electrode 222 since the threshold volt-
age varies in accordance with the quantity of the charges
retained in the cap insulating layer 171. More specifically, the
variation in threshold voltage is detected as a variation in the
current value of the transistor at a given fixed read voltage
(voltage applied to the gate during reading). Accordingly, the
back gate 210 can also be regarded as a control gate (or a
control electrode) which controls the entrance/exit of
charges. The gate electrode 222 can also be regarded as a read
gate (or a read gate electrode) which performs data reading.

Also, the semiconductor element 200 according to the
present embodiment can operate as, e.g., a transistor having a
controllable threshold voltage.

The following is the operation of the semiconductor ele-
ment 200 as the transistor having the controllable threshold
voltage.

For example, by applying a predetermined voltage to the
back gate 210 and to the gate electrode 222 to extract charges
from the semiconductor layer 220 and injecting the charges
into the cap insulating layer 171 as the charge retaining layer,
the threshold voltage of the upper transistor described above
can be changed. For example, when the upper transistor is of
an n-type, as the quantity of retained electrons as the charges
increases in the cap insulating layer 171, the threshold voltage
increases. On the other hand, when the upper transistor is of a
p-type, as the quantity of retained holes as the charges
increases in the cap insulating layer 171, the threshold voltage
increases. At this time, through such retention of carriers by
the cap insulating layer 171, the threshold voltage can be
permanently changed.

In addition, by controlling the voltage applied to the back
gate 210 in correspondence to the timing of the operation of
the upper transistor described above, it is also possible to
dynamically change the threshold voltage of the upper tran-
sistor.

Such a configuration can be produced by adding the fol-
lowing modifications to the manufacturing method of the
semiconductor device ofthe first embodiment. First, when the
first wiring layer 150 is formed in the step of FIG. 3A, the
back gate (Cu wire) 210 is formed simultaneously with the
formation of the first wire (Cu wire) 164. Also, in the step of
FIG. 3B, before the semiconductor layer 220 is formed, the
insulating film 212 is formed over the cap insulating layer 171
by, e.g., a CVD method. Then, when the gate electrode 222
and the like are formed in the step of FIG. 3G, since the
semiconductor layer 220 is formed over the region where the
back gate 210 exists, the gate electrode 222 and the like are
aligned with respect to the back gate 210 and patterned.

In the present embodiment also, the same effects as
obtained in the first embodiment can be obtained.

In addition, in the present embodiment, it is possible to
form the film for the charge retaining layer without adding a
new step and interpose the tunnel insulating film between the
charge retaining film and the channel by adding only one
depositing step. This allows the back gate 210, the cap insu-
lating layer 171, the insulating film 212, and the semiconduc-
tor layer 220 to form a structure equivalent to an NMOS
(Metal-Nitride-Oxide-Semiconductor) structure. As a result,
the semiconductor element 200 having a memory structure
can be formed at low cost. Additionally, the charge retaining
function of the cap insulating layer 171 enables a nonvolatile
threshold modulation operation (including a memory func-
tion) to be performed. That is, the semiconductor element 200
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having the function of a transistor having a changeable
threshold can be formed. Moreover, the insulating film 212
enables the nonvolatile threshold modulation operation (in-
cluding the memory function) to be stably performed even at
a higher temperature. Furthermore, since the tunnel insulat-
ing film (insulating film 212) is formed on the side of the
channel (semiconductor layer 220) where the back gate 210 is
provided, it is possible to implement a nonvolatile threshold
modulation operation characteristic without involving a
change in the gate capacitance of the in-wiring-layer active
element (component) (semiconductor element 200).

Tenth Embodiment

A description will be given of a configuration of a semi-
conductor device according to the tenth embodiment. FIG. 25
is a cross-sectional view showing an example of the configu-
ration of the semiconductor device according to the present
embodiment. FIG. 26 is a plan view showing the example of
the configuration of the semiconductor device according to
the present embodiment. Note that FIG. 25 is a cross section
along the line A-A' of FIG. 26. The semiconductor device of
the present embodiment is different from the semiconductor
device of the eighth embodiment (FI1G. 22) in having a charge
retaining layer. Hereinbelow, a description will be given
mainly of the difference therebetween.

In the present embodiment, the semiconductor element
200 further includes an insulating film 213 having a charge
retaining function between the back-gate insulating film 212
under the semiconductor layer 220 and the back gate 211
coupled to the upper portion of the via 268. The semiconduc-
tor layer 220, the back-gate insulating film 212 in contact with
the lower side of the semiconductor layer 220, the insulating
film 213 in contact with the lower side of the back-gate
insulating film 212, and the back gate 211 in contact with the
lower side of the insulating film 213 have the same shape
(island shape) in planar view. The sidewalls 226 cover the side
surfaces of the semiconductor layer 220, the back-gate insu-
lating film 212, the insulating film 213, and the back gate 211.
Inthis case, the back gate 211 can also be regarded as a control
gate (or control electrode) which controls the entrance/exit of
charges. The gate electrode 222 can also be regarded as a read
gate (or read gate electrode) which performs data reading.

Such a configuration can be implemented by the following
steps. In the manufacturing method of the semiconductor
device according to the eighth embodiment, over the second
wire 186, the via 268, and the first interlayer insulating layer
152, the back gate 211 is formed by, e.g., a sputtering method,
the insulating film 213 and the back-gate insulating film 212
are formed by, e.g., a CVD method, and the semiconductor
layer 220 is formed by, e.g., a sputtering method. Then, the
laminate film ofthe back gate 211, the insulating film 213, the
back-gate insulating film 212, and the semiconductor layer
220 is patterned into an island shape using typical photoli-
thography and dry etching. The subsequent steps are the same
as in the steps of FIGS. 21D to 21G.

In the present embodiment also, the same effects as
achieved in the eighth embodiment can be achieved.

In addition, in the present embodiment, the same semicon-
ductor element 200 as in the ninth embodiment can be formed
even in an aluminum (Al) wiring layer. That is, the present
embodiment can also achieve the effects of the ninth embodi-
ment resulting from the addition of the film having the charge
retaining function. As a result, an in-wiring-layer active ele-
ment (component) capable of a nonvolatile threshold modu-
lation operation (including a memory function) can be incor-
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porated in the semiconductor device according to the same
design without depending on the generation of the semicon-
ductor device.

Eleventh Embodiment

A description will be given of a configuration of a semi-
conductor device according to the eleventh embodiment.
FIG. 27 is a cross-sectional view showing an example of the
configuration of the semiconductor device according to the
present embodiment. The semiconductor device of the
present embodiment is different from the semiconductor
device of the tenth embodiment (FIG. 25) in that the positions
of the gate electrode 222, the gate insulating film 221, the
semiconductor layer 220, the back-gate insulating film 212,
the insulating film 213, and the back gate 211 are vertically
reversed. Hereinbelow, a description will be given mainly of
the difference therebetween.

The semiconductor element 200 of each of the tenth
embodiment and the present embodiment is an in-wiring-
layer active element (component) capable of a nonvolatile
threshold modulation operation (including a memory func-
tion). However, in the semiconductor element 200 of the tenth
embodiment, the gate insulating film 221 under the gate elec-
trode 222 as the top gate is thin and in contact with the
semiconductor layer 220 to have a large gate capacitance,
while the insulating film 213 over the back gate 211 as the
bottom gate has the charge retaining function and is in contact
with the semiconductor layer 220 via the back-gate insulating
film 212. On the other hand, in the semiconductor element
200 ofthe present embodiment, the gate electrode 222 and the
gate insulating film 221 serve as the bottom gate which is in
contact with the semiconductor layer 220, while the gate
electrode 211 and the insulating film 213 serve as the top gate
which is in contact with the semiconductor layer 220 via the
gate insulating film 212. That is, the functions of the top gate
and the bottom gate in the tenth embodiment are reversed in
the present embodiment. In this case, the top-side gate elec-
trode 211 can also be regarded as a control gate (or a control
electrode) which controls the entrance/exit of charges. On the
other hand, the back-side gate electrode 222 can also be
regarded as a read gate (or a read gate electrode) which
performs data reading.

Such a configuration can be implemented by reversing the
order in which the individual films forming a gate stack are
laminated in the manufacturing method of the semiconductor
device of the tenth embodiment. In this manner, the semicon-
ductor device according to the present embodiment (semi-
conductor device including the in-wiring-layer active ele-
ment (component) capable of the nonvolatile threshold
modulation operation (including the memory function)) is
formed in which the functions of the top gate and the bottom
gate are reverse to those in the semiconductor device of the
tenth embodiment.

In the present embodiment, the same effects as obtained in
the tenth embodiment can be obtained.

In addition, in the present embodiment, the area of the
insulating film 213 having the function of the charge retaining
layer is reduced to allow the operations of injecting, retaining,
and releasing charges to be performed more stably.

Twelfth Embodiment

A description will be given of a configuration of a semi-
conductor device according to the twelfth embodiment. FIG.
28 is a layout chart schematically showing an example of the
configuration of the semiconductor device according to the
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twelfth embodiment. The drawing shows the layout of a semi-
conductor element over a wiring layer. Accordingly, in the
drawing, the layout of the semiconductor element in the sur-
face region of the semiconductor substrate 101 which is pro-
vided below the wiring layer is omitted.

The semiconductor device of the present embodiment is a
semiconductor chip 10. An example is shown in which, in the
semiconductor chip 10, the semiconductor element 200 of
any of the first to eleventh embodiments is disposed at any
place. The semiconductor chip 10 includes a nonvolatile
memory region 11, a dynamic threshold modulation region
12, a normal logic region 13, a double-gate logic operation
region 14, a switch region for reconfigurable logic circuit 15,
a high-breakdown-voltage region 16, and an access transis-
tor/DRAM/ReRAM region 17.

In the nonvolatile memory region 11, for example, the
semiconductor element 200 of any of the ninth to eleventh
embodiments can be used as a nonvolatile memory. In the
dynamic threshold modulation region 12, the semiconductor
element 200 of any of the ninth to eleventh embodiments can
be used as a transistor subjected to dynamic threshold voltage
modulation. In the normal logic region 13, of the semicon-
ductor elements 200 of the ninth to eleventh embodiments,
one having the threshold voltage thereof set at a low level can
be used as a transistor for a low threshold voltage region (LVt
region) 21, one having the threshold voltage thereof set at a
middle level can be used as a transistor for a middle threshold
voltage region (MVtregion) 22, and one having the threshold
voltage thereof'set at a high level can be used as a transistor for
a high threshold voltage region (HVt region) 23. In the
double-gate logic operation region 14, the semiconductor
element of any of the third and eighth to eleventh embodi-
ments can be used as a double-gate transistor. In the switch
region for reconfigurable logic circuit 15, the semiconductor
element 200 of any of the first to eleventh embodiments can
be used as a switch for switching a logic circuit using the
semiconductor element in the surface region of the semicon-
ductor substrate 101. In the high-breakdown-voltage region
16, the semiconductor element 200 of any of the modification
of the second embodiment and the ninth to eleventh embodi-
ments can be used as a transistor for a high breakdown volt-
age. In the access transistor/DRAMM/ReRAM region 17, the
semiconductor element 200 of any of the first to eleventh
embodiments can be used as an access transistor fora DRAM
(Dynamic Random Access Memory) or a ReRAM (Resis-
tance Random Access Memory).

A manufacturing method of the semiconductor device of
the present embodiment is as described above in each of the
embodiments.

In the present embodiment, the effects of the semiconduc-
tor devices of the individual embodiments used herein can be
achieved.

In addition, in the present embodiment, particularly by the
semiconductor element 200 of each of the ninth to eleventh
embodiments, a nonvolatile threshold adjusting function can
be implemented. This allows the semiconductor elements 200
of the foregoing semiconductor chip 10 to be implemented
with one type of element in the same wiring layer. It is also
possible to form a region not having a charge retaining film.

Some or all of the foregoing embodiments and modifica-
tions can also be described as in the following notes, but are
not limited to the following.

(Note 1) A semiconductor device, including: a first wiring
layer having a first interlayer insulating layer and a first wire
embedded in the first interlayer insulating layer; a second
wiring layer having a second interlayer insulating layer
formed above the first wiring layer and a second wire embed-
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ded in the second interlayer insulating layer; and a semicon-
ductor element provided at least in the second wiring layer,
wherein the semiconductor element includes: a semiconduc-
tor layer provided in the second wiring layer; a first gate
insulating film provided in contact with the semiconductor
layer; a first gate electrode provided on the opposite side of
the semiconductor layer via the first gate insulating film; and
a first side wall film provided over a side surface of the
semiconductor layer.

(Note 2)

In a semiconductor device according to Note 1, the first
gate electrode extends from over the semiconductor layer
beyond the first side wall film.

(Note 3)

In a semiconductor device according to Note 1, a material
of the semiconductor layer is an oxide semiconductor.

(Note 4)

In a semiconductor device according to Note 1, the semi-
conductor element further includes a hard mask provided
over the first gate electrode.

(Note 5)

In a semiconductor device according to Note 1, the semi-
conductor element further includes: a second side wall film
provided over a side surface of the first gate electrode.

(Note 6)

In a semiconductor device according to Note 5, an etching
rate of a material of the second side wall film is different from
an etching rate of a material of the second interlayer insulat-
ing layer.

(Note 7)

In a semiconductor device according to Note 6, a material
of the second interlayer insulating layer includes a silicon
oxide, and a material of the second side wall film includes a
silicon nitride.

(Note 8)

In a semiconductor device according to Note 1, the semi-
conductor element includes first vias as a source electrode
and a drain electrode, and the first via as the drain electrode is
disposed at a predetermined distance from the gate electrode.

(Note 9)

In a semiconductor device according to Note 1, the semi-
conductor element further includes: a second gate insulating
film provided in contact with the semiconductor layer on the
opposite side of the first gate insulating film with respect to
the semiconductor layer; and a second gate electrode pro-
vided in contact with the second gate insulating film on the
opposite side of the first gate electrode with respect to the
semiconductor layer.

(Note 10)

In a semiconductor device according to Note 9, the second
gate is the first wire or a metal coupled to the first wire.

(Note 11)

In a semiconductor device according to Note 10, a region
where the second gate electrode is formed is a part of aregion
where the semiconductor layer exists in planar view.

(Note 12)

In a semiconductor device according to Note 1, the first
gate insulating film is provided over an entire upper surface of
the semiconductor layer.

(Note 13)

In a semiconductor device according to Note 12, the first
side wall film is provided so as to further cover a side surface
of' the first gate insulating film.

(Note 14)

In a semiconductor device according to Note 13, the first
side wall film is provided so as to further cover an upper
surface of the first gate insulating film.
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(Note 15)

In a semiconductor device according to Note 1, the first
gate electrode includes a metal film including not less than
two layers.

(Note 16)

In a semiconductor device according to Note 15, the metal
film in a layer under the first gate electrode is provided only
over a portion of the first gate insulating film located over the
semiconductor layer, and the metal film in a layer over the first
gate electrode is provided over the first gate insulating film to
have such a shape as to extend across the semiconductor layer.

(Note 17)

In a semiconductor device according to Note 15, the metal
film in the layer under the first gate electrode contains a
titanium nitride.

(Note 18)

In a semiconductor device according to Note 17, the metal
film in the layer over the first gate electrode contains alumi-
num (Al).

(Note 19)

In a semiconductor device according to Note 9, the semi-
conductor element further includes: a first insulating film
provided so as to come in contact with either one of the first
gate insulating film and the second gate insulating film, and
the first or second gate insulating film in contact with the first
insulating film or the first insulating film has a charge retain-
ing function.

(Note 20)

In a semiconductor device according to Note 19, the gate
electrode closer to the insulating film having the charge
retaining function is a control electrode.

(Note 21)

In a semiconductor device according to Note 20, the con-
trol electrode is embedded in the first wiring layer.

(Note 22)

In a semiconductor device according to Note 21, the first
wire is a Cu wire.

(Note 23)

In a semiconductor device according to Note 20, the con-
trol electrode is coupled to the first wire through a via in the
first wiring layer.

(Note 24)

In a semiconductor device according to Note 23, the first
wire is an Al wire.

(Note 25)

In a semiconductor device according to Note 19, the insu-
lating film having the charge retaining function contains sili-
con and nitrogen.

(Note 26)

In a semiconductor device according to Note 19, the gate
electrode closer to the insulating film not having the charge
retaining function is a read gate electrode.

(Note 27)

In a semiconductor device according to Note 19, the insu-
lating film having the charge retaining function functions as a
wire diffusion barrier film in a region where the semiconduc-
tor element is absent.

(Note 28)

In a semiconductor device according to Note 19, the semi-
conductor element has a threshold which is adjusted with a
quantity of charges injected into the insulating film having the
charge retaining function.

(Note 29)

A method of manufacturing a semiconductor device,
including the steps of: forming an island-shaped semiconduc-
tor layer over a wiring layer having a first wire; forming an
insulating film so as to cover the semiconductor layer and the
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wiring layer therewith; etching back the insulating film to
form a first side wall film covering a side surface of the
semiconductor layer; and forming a gate insulating film and a
gate electrode in this order over the semiconductor layer,
wherein the gate electrode is formed over the gate insulating
film so as to extend over the semiconductor layer and the first
side wall film.
While the invention achieved by the present inventors has
been specifically described heretofore based on the embodi-
ments thereof, the present invention is not limited thereto. It
will be appreciated that various changes and modifications
can be made in the invention within a scope not departing
from the gist thereof. Also, the techniques described in the
individual embodiments and the modifications thereof are
also applicable to other embodiments and modifications
unless a technical contradiction occurs.
What is claimed is:
1. A semiconductor device, comprising:
a first wiring layer having a first interlayer insulating layer
and a first wire embedded in the first interlayer insulat-
ing layer;
a second wiring layer having a second interlayer insulating
layer formed above the first wiring layer and a second
wire embedded in the second interlayer insulating layer;
and
a semiconductor element provided at least in the second
wiring layer,
wherein the semiconductor element includes
an island-shaped semiconductor layer provided in the
second wiring layer;

a first gate insulating film provided in contact with the
semiconductor layer;

afirst gate electrode provided on the opposite side of the
semiconductor layer via the first gate insulating film
and extending over and laterally across a plurality of
ends of the semiconductor layer; and

first and second side wall films provided over respective
side surfaces of the semiconductor layer and each of
said first and second side wall films having a topmost
surface which extends higher than a top layer surface
of said island-shaped semiconductor layer to prevent
said first gate electrode from contacting said side sur-
faces of the semiconductor layer at said plurality of
ends,

wherein the semiconductor element further includes

a second gate insulating film provided in contact with the
semiconductor layer on the opposite side of the first gate
insulating film with respect to the semiconductor layer;
and

a second gate electrode provided in contact with the second
gate insulating film on the opposite side of the first gate
electrode with respect to the semiconductor layer,

wherein the semiconductor element further includes

afirstinsulating film provided so as to come in contact with
either one of the first gate insulating film and the second
gate insulating film,

wherein the first or second gate insulating film in contact
with the first insulating film, or the first insulating film
has a charge retaining function,

wherein the gate electrode closer to the insulating film
having the charge retaining function is a control elec-
trode, and

wherein the control electrode is embedded in the first wir-
ing layer.

2. A semiconductor device according to claim 1,

wherein a material of the semiconductor layer includes an
oxide semiconductor.
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3. A semiconductor device according to claim 1,

wherein an etching rate of a material of the second side wall
film is different from an etching rate of a material of the
second interlayer insulating layer.

4. A semiconductor device according to claim 1,

wherein the semiconductor element includes first vias as a
source electrode and a drain electrode, and

wherein the first via as the drain electrode is disposed at a
predetermined distance from the gate electrode.

5. A semiconductor device according to claim 1,

wherein the second gate is the first wire or a metal coupled
to the first wire.

6. A semiconductor device according to claim 5,

wherein a region where the second gate electrode is formed
is a part of'a region where the semiconductor layer exists
in planar view.

7. A semiconductor device according to claim 1,

wherein the first gate insulating film is provided over an
entire upper surface of the semiconductor layer.

8. A semiconductor device according to claim 7,

wherein the first side wall film is provided so as to further
cover a side surface of the first gate insulating film.

9. A semiconductor device according to claim 8,

wherein the first side wall film is provided so as to further
cover an upper surface of the first gate insulating film.

10. A semiconductor device according to claim 1,

wherein the first gate electrode includes a metal film com-
prising first and second layers.

11. A semiconductor device according to claim 10,

wherein said first layer of said metal film comprises a lower
layer of the first gate electrode and is provided only over
aportion of the first gate insulating film located over the
semiconductor layer, and

wherein said second layer of said metal film is disposed in
a layer over the first layer of said metal film and is
provided over the first gate insulating film to have such a
shape as to extend across the semiconductor layer.

12. A semiconductor device, comprising:

a first wiring layer having a first interlayer insulating layer
and a first wire embedded in the first interlayer insulat-
ing layer;

a second wiring layer having a second interlayer insulating
layer formed above the first wiring layer and a second
wire embedded in the second interlayer insulating layer;
and

a semiconductor element provided at least in the second
wiring layer,

wherein the semiconductor element includes
an island-shaped semiconductor layer provided in the

second wiring layer;

a first gate insulating film provided in contact with the
semiconductor layer;

a first gate electrode provided on the opposite side of the
semiconductor layer via the first gate insulating film
and extending over and laterally across a plurality of
ends of the semiconductor layer; and

first and second side wall films provided over respective
side surfaces of the semiconductor layer and each of said
first and second side wall films having a topmost surface
which extends higher than a top layer surface of said
island-shaped semiconductor layer to prevent said first
gate electrode from contacting said side surfaces of the
semiconductor layer at said plurality of ends,

wherein the semiconductor element further includes
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a second gate insulating film provided in contract with the
semiconductor layer on the opposite side of the first gate
insulating film with respect to the semiconductor layer;
and

a second gate electrode provided in contact with the second
gate insulating film on the opposite side of the first gate
electrode with respect to the semiconductor layer,

wherein the semiconductor element further includes a first
insulating film provided so as to come in contact with
either one of the first gate insulating film and the second
gate insulating film, and

wherein the first or second gate insulating film in contact
with the first insulating film, or the first insulating film
has a charge retaining function,

wherein the gate electrode closer to the insulating film
having the charge retaining function is a control elec-
trode, and

wherein the control electrode is coupled to the first wire
through a via in the first wiring layer.

13. A semiconductor device according to claim 1,

wherein the semiconductor element has a threshold which
is adjusted with a quantity of charges injected into the
insulating film having the charge retaining function.

14. A method of manufacturing a semiconductor device,

comprising the steps of:

forming an island-shaped semiconductor layer over a wir-
ing layer having a first wire;

forming an insulating film so as to cover the semiconductor
layer and the wiring layer therewith;

etching back the insulating film to form first and second
side wall films covering respective side surfaces of the
semiconductor layer and each having a top surface
which extends higher than a top surface of said island-
shaped semiconductor layer; and

forming a gate insulating film and a gate electrode in this
order over the semiconductor layer,

wherein the gate electrode is formed over the gate insulat-
ing film so as to extend over a plurality of ends of the
semiconductor layer and the first and second side wall
films, and

wherein the first and second side wall films are arranged to
prevent said gate electrode from contacting said side
surfaces of the semiconductor layer at the plurality of
ends,

wherein the semiconductor element further includes

a second gate insulating film provided in contact with the
semiconductor layer on the opposite side of the first gate
insulating film with respect to the semiconductor layer;
and

a second gate electrode provided in contact with the second
gate insulating film on the opposite side of the first gate
electrode with respect to the semiconductor layer,

wherein the semiconductor element further includes

afirstinsulating film provided so as to come in contact with
either one of the first gate insulating film and the second
gate insulating film,

wherein the first or second gate insulating film in contact
with the first insulating film, or the first insulating film
has a charge retaining function,

wherein the gate electrode closer to the insulating film
having the charge retaining function is a control elec-
trode, and

wherein the control electrode is embedded in the first wir-
ing layer.

15. A method of manufacturing a semiconductor device,

comprising the steps of:
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forming an island-shaped semiconductor layer over a wir-
ing layer having a first wire;

forming an insulating film so as to cover the semiconductor
layer and the wiring layer therewith;

etching back the insulating film to form first and second
side wall films covering respective side surfaces of the
semiconductor layer and each having a top surface
which extends higher than a top surface of said island-
shaped semiconductor layer; and

forming a gate insulating film and a gate electrode in this
order over the semiconductor layer,

wherein the gate electrode is formed over the gate insulat-
ing film so as to extend over a plurality of ends of the
semiconductor layer and the first and second side wall
films, and

wherein the first and second side wall films are arranged to
prevent said gate electrode from contacting said side
surfaces of the semiconductor layer at the plurality of
ends,

wherein the semiconductor element further includes

a second gate insulating film provided in contact with the
semiconductor layer on the opposite side of the first gate
insulating film with respect to the semiconductor layer;
and

asecond gate electrode provided in contact with the second
gate insulating film on the opposite side of the first gate
electrode with respect to the semiconductor layer,

wherein the semiconductor element further includes a first
insulating film provided so as to come in contact with
either one of the first gate insulating film and the second
gate insulating film,

wherein the first or second gate insulating film in contact
with the first insulating film, or the first insulating film
has a charge retaining function,

wherein the gate electrode closer to the insulating film
having the charge retaining function is a control elec-
trode, and

wherein the control electrode is coupled to the first wire
through a via in the first wiring layer.

10

15

20

25

30

35

36

16. The semiconductor device according to claim 12,

wherein a material of the semiconductor layer includes an
oxide semiconductor.

17. A semiconductor device according to claim 12,

wherein an etching rate of a material of the second side wall
film is different from an etching rate of a material of the
second interlayer insulating layer.

18. A semiconductor device according to claim 12,

wherein the semiconductor element includes first vias as a
source electrode and a drain electrode, and

wherein the first via as the drain electrode is disposed at a
predetermined distance from the gate electrode.

19. The semiconductor device according to claim 12,

wherein the second gate is the first wire or a metal coupled
to the first wire.

20. The semiconductor device according to claim 19,

wherein a region where the second gate electrode is formed
is a part of a region where the semiconductor layer exists
in planar view.

21. The semiconductor device according to claim 12,

wherein the first gate insulating film is provided over an
entire upper surface of the semiconductor layer.

22. The semiconductor device according to claim 21,

wherein the first side wall film is provided so as to further
cover a side surface of the first gate insulating film.

23. The semiconductor device according to claim 22,

wherein the first side wall film is provided so as to further
cover an upper surface of the first gate insulating film.

24. The semiconductor device according to claim 12,

wherein the first gate electrode includes a metal film com-
prising first and second layers.

25. The semiconductor device according to claim 24,

wherein said first layer of said metal film comprises a lower
layer of the first gate electrode and is provided only over
aportion of the first gate insulating film located over the
semiconductor layer, and

wherein said second layer of said metal film is disposed in
a layer over the first layer of said metal film and is
provided over the first gate insulating film to have such a
shape as to extend across the semiconductor layer.

#* #* #* #* #*



